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“What is past is prologue” - W. Shakespeare 
 
The aim of the present work was to assess age- and individual differences in working memory and 
their account of differences in cognitive performance. Originally, this work was meant as a parallel 
experiment to a research conducted by Pierre Magistretti and colleagues (Magistretti et al., 1996-
2001) to assess early determinants of Alzheimer’s disease, but it’s specificity held in enlarging the 
scope of the experiment from pathological to normal aging. At first, the core of the project consisted in 
the investigation of brain functional networks underlying age- and disease-related changes in working 
memory and executive functions. These networks were to be defined on the basis of the brain imaging 
data, by means of dedicated statistical analysis methods (statistical parametric mapping, partial least 
squares and structural equation modeling) and (cor)related to a wide range of behavioral measures of 
working memory. However, due to severe problems encountered in the original brain imaging dataset, 
the structure of the experiment had to be reconsidered and a complete reorganization became 
necessary to pursue the initial goals. Hence, although the core dataset went “down the tube”, the 
“baby was not thrown out with the bath water”. The fairly large behavioral dataset was still available 
and permitted to question the age-related differences in working memory, executive functions and 
cognition, leaving behind the brain imaging side of the investigations.  
 
Thus, to bring additional background to account for the actual structure of the present work, a short 
“historical note” is provided to the reader as a foreword. It reviews the grounds of the current study 
and describe how they determined the way it was ultimately conducted. The rationale and the design 
of the study on Alzheimer’s disease are described, because they determined the experimental design 
applied in the current experiment. Technical notes about the brain imaging protocol are also reported 
in order to provide an insight on how the protocol was initially defined and how it was modified during 
the course of the data acquisition. Details are given about the protocol characteristics that were 
suspected of bringing sufficient noise to prevent exploiting the images for voxel-wise parametric 
statistical analyses and consequently, made the dataset useless for the study of brain-cognition 
relation and lead to a complete reorganization of the structure of this work. While the design required a 
reconsideration, additional questions were raised as a consequence of the findings resulting from a 
first wave of analysis conducted on a subset of the behavioral data. A summary of these findings will 
be provided, for they determined the choice of the statistical design applied the present experiment, 
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which goes beyond the study of age differences in working memory (as initially meant) and further 
investigates individual differences in that capacity.  
 
As just mentioned, the seminal work that instigated the present work was conducted by Magistretti and 
colleagues and aimed at investigating early determinants of Alzheimer’s disease (Magistretti et al., 
1996-2001). The central assumption of the study was that ApoE-ε4, the ε4 genotype of the 
apolipoprotein E, could be associated with perturbations of brain energy metabolism that, in turn, 
could critically be involved in the neurodegeneration that occurs in Alzheimer’s disease. This core 
assumption was examined by means of three different experimental approaches: in-vitro experiments, 
in-vivo brain imaging of human volunteers, and extensive cognitive testing of the aforementioned 
individuals.  
The in-vitro experiments, conducted under the direction of Pierre Magistretti, were done to assess 
brain retention mechanisms of technetium-99m-d,l-hexamethylpropylene amine oxime (or 99mTc-
HMPAO; Amersham International, London, UK), a radiotracer widely applied for brain functional 
imaging performed with single photon emission computerized tomography (SPECT). Although this 
radiotracer was commonly considered as a marker of cerebral flood flow (Andersen, 1989), Magistretti 
et al. hypothesized that 99mTc-HMPAO retention occurred prominently in astrocytes and thus reflected 
to a large extent glial tissue metabolism above and beyond blood flow (Zerarka, Pellerin, Slosman, & 
Magistretti, 2001).  
These in-vitro experiments were directly related to the second part of the study: in-vivo brain imaging 
of human volunteers, conducted under the direction of Daniel O. Slosman. The study population 
consisted in three groups: patients with probable Alzheimer’s disease irrespective of their 
apolipoprotein E (ApoE) genotype, healthy older adults carrying either the ApoE-ε2 or the ApoE-ε3 
alleles of the apolipoprotein E and healthy older adults carrying the ApoE-ε4 variant of the allele1. In 
the search for early determinants of Alzheimer’s disease, the group of interest was that of healthy 
ApoE-ε4 carriers, whereas the control groups were those of healthy ApoE-ε2/ε3 on the one hand, and 
the Alzheimer patients on the other. Each participant received two full brain SPECT images performed 
according to an activation paradigm, with the first image serving as reference and the second image 
meant to reflect brain activity during a cognitive task of interest. For the reference image, or baseline 
condition, a phoneme repetition task was used (participants were required to repeat \ba\ continuously 
for a 4-minutes period) whereas for the target image, or activation condition, a phonemic verbal 
fluency task was administered (participants were required to find as many words as possible starting 
with initials “p” and “m”, each during a 2-minute period).  
The choice of the phonemic verbal fluency as a target task was driven by two lines of evidence. First, 
behavioral studies comparing Alzheimer’s patients to matched controls on “frontal” and “executive” 
tasks, including verbal fluency, reported a relative poorer performance in the Alzheimer patient’s 
                                                 
1 A total of 101 participants initially entered the Magistretti et al. study, among which 14 patients with probable Alzheimer’s 
disease, 80 healthy older adults and 7 individuals with a diagnosis of mixed dementia. The latter were further excluded as well 
as 1 AD patient and 11 healthy elderly for they did not complete both brain SPECT imaging and behavioral cognitive 
assessment and 2 older adults for they were not genotyped. The remaining study population consisted in 80 individuals among 
which 13 patients with probable Alzheimer disease (1 ApoεE-2/3 carriers, 3 ApoεE-3/3 carriers and 6 ApoE-ε3/4 carriers and 3 
not genotyped), 11 healthy ApoE-ε4 carriers (all ApoE-ε3/4 carriers) and 56 ApoE-ε2-3 carriers (11 ApoE-ε2/3 , 46 ApoE-ε3/3). 
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group, although these individuals were not suspected of frontal lobe damage (Monsch et al., 1992; 
Rosser & Hodges, 1994). Second, brain imaging studies conducted on younger healthy individuals 
reported frontal lobe activity associated with performance in the fluency task (Dominique Cardebat et 
al., 1996; Frith, Friston, Liddle, & Frackowiak, 1991a; Shedlack et al., 1991). Magistretti et al., 
therefore, formulated the assumption according to which performance in tasks calling upon executive 
processes could provide early behavioral markers of functional alterations occurring in Alzheimer’s 
disease. Additionally, the assumption was that this type of altered behavior observed early in the 
course of the disease was indeed the consequence of an anterior-posterior disconnection above and 
beyond an effective alteration of the frontal lobes2. It was then expected that healthy ApoE-ε2/ε3 
carriers would show adequate behavioral performance relying on efficient anterior-posterior networks, 
whereas Alzheimer patients would show an altered behavior due to anterior-posterior disconnections. 
More importantly in the search of early determinants of Alzheimer’s disease, a pattern in-between, 
both in terms of behavior and brain activity, was expected for healthy ApoE-ε4 carriers. Between-
group SPECT image analysis and further exploration of functional networks underlying performance 
would have eventually brought some support to this assumption.  
 
As defined initially in the Magistretti et al. study, the image acquisition procedure was performed as 
recommended by Ichihara and colleagues (1996) for the kind of device used to measure brain 
metabolism in the study, that is a Toshiba GCA 9300 triple head gamma camera (Toshiba Medical 
Systems, Japan). The procedure implied to acquire simultaneously a Technetium-99m emission scan 
(99mTc ECT) and a Thallium-201 transmission scan (201Tl TCT) and to use the triple energy window 
method (TEW, Ichihara, Ogawa, Motomura, Kubo, & Hashimoto, 1993) for scatter correction in each 
of the ECT and TCT scans3. The ECT-TCT procedure was chosen because it allowed intra-individual 
attenuation correction. Indeed, the ECT scans were corrected using the head volume measured by the 
TCT, instead of applying a mathematical omnibus correction. The TEW method was used to calibrate 
the scanner so that each of the energy peaks – 140 keV for 99mTc in emission and 70 keV for 201Tl in 
transmission – would be “recognized” and differentiated by the scanner4. The main energy windows 
were centered on each of the energy peaks (10% on each side) to correct for Compton scatter and 
additional upper and lower windows (7% on each side) were applied to compensate for cross-
contamination between ECT and TCT. Another specificity of the brain SPECT protocol was the use of 
the split-dose procedure proposed by Shedlack et al. (1991). This procedure was chosen for it 
permitted the recording of two full brain images (i.e. 2 emission-transmission pairs) over a single 
testing session. It necessitated the use of approximately one fifth of the tracer dose (99mTc-HMPAO) 
                                                 
2 This assumption was quite new at the time Pierre Magistretti, Anik de Ribaupierre and Daniel Slosman defined the design of 
their respective part of the study. Nowadays, it is theoretically accepted, although yet supported by still few empirical evidence 
(e.g., Delbeuck, van der Linden, & Collette, 2003). 
3 ECT scans are indeed images of the radiotracer’s distribution in the brain and should ultimately transcribe metabolic activity; 
TCT scans are images of the rod source isotope distribution used to compute individual brain volumes and correct for 
attenuation in the ECT.  
4  99mTc has a half-life of 6.01 hours and gamma-ray energy at 140.51 KeV (89%) (Peker, 1994);  
     201Tl has a half-life of 72.91 hours and gamma-ray energies at 167.43 KeV (10%), 135.34 KeV (2.57%) (Shaheen, 1994); 
     153Gd has a half-life of 240.4 days and gamma-ray energies at 97.43 KeV  (29%), 103.18 KeV (21.11%) and 69.67 KeV 
(2.419%) (Helmer, 1998); 
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for the first image acquisition whereas the reminder of the dose was used for the second one5. 
Accordingly, the image acquisition time durations were modified to adjust for the differential amount of 
99mTc energy used in each of the baseline and activation conditions. As a consequence, the duration 
of the acquisition was of 30 minutes for the phoneme repetition tasks and of 20 minutes for the verbal 
fluency task6. 
 
Finally, in the third component of the Alzheimer study, conducted under the direction of Anik de 
Ribaupierre, all participants received quite an extensive battery of cognitive tests meant to further 
investigate the assumption that performance in tasks calling upon executive functions could provide 
early behavioral markers of the disease. The test battery was built to specifically address this issue 
and comprised tasks assessing working memory capacity, dual task coordination (see R. G. Morris, 
1994, for a review using the Baddeley framework) and inhibition (e.g., Spieler, Balota, & Faust, 1996). 
In addition, the test battery contained tasks assessing performance in episodic memory retrieval (e.g., 
Greene, Baddeley, & Hodges, 1996) and short term memory recall (e.g., Belleville, Peretz, & 
Malenfant, 1996), assessing cardinal cognitive features known to be affected by the disease. For 
clinical purpose, cognitive examination also included the assessment of the general cognitive status, 
by means of the Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975) and the Mattis 
Dementia Rating Scale (Mattis, 1976), as well as the assessment of the vocabulary by means of the 
French adaptation of the Mill Hill test (Deltour, 1993). Again, the assumption was that Alzheimer 
patients would show diminished performance on the tasks calling upon executive processes, relative 
to control healthy ApoE-ε2/ε3. Additionally, it was also expected that the performance of some ApoE-
ε4 carriers would lie in-between.  
 
The overall in-vivo study design, including brain imaging and behavioral testing, was reconducted on 
the same individuals two years after the participants entered the study. The longitudinal follow-up was 
intended to bring additional evidence in regards of early markers of the disease, by contrasting the 
ApoE-ε4 carriers to the two control populations. Indeed, it was assumed that at least some of the 
ApoE-ε4 individuals would show a drop in performance and/or a change in brain metabolism 
comparable to those observed in the Alzheimer patient population, whereas the ApoE-ε2/ε3 individuals 
would not show drastic change over the defined time interval.  
 
As suggested above, the Magistretti et al. study did not consider normal aging per se. Indeed, the 
study focused on healthy older ApoE-ε4 carriers and differences on brain imaging and behavioral 
measures were expected to be found between this target population and healthy older ApoE-ε2/ε3 
carriers and/or Alzheimer patients. Soon questions were raised however about the age-related effects 
on the selected measures. A parallel/complementary experiment was subsequently instigated to 
assess age-related differences by comparing the healthy ApoE-ε4 and ApoE-ε2/ε3 older individuals on 
                                                 
5 A total of 32 mCi (1300 MBq) were used, 4mCi (270 MBq, 13%) for baseline and 28 mCi (1030 MBq, 87%) for activation. 
6 It was later demonstrated that SPECT activation protocols could be performed by using equivalent dose and time of acquisition 
for baseline and activation while keeping a single examination session (Audenaert et al., 2000; Audenaert et al., 2001). 
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the one hand, and newly recruited younger adults on the other. As mentioned earlier, this parallel 
aging study was to constitute the core of the present work. The assessment of the age-related 
differences above and beyond the disease-related differences was to be performed with the same 
experimental design than the one used for the in-vivo cross-sectional study of the Magistretti et al. 
study. Thus, younger adults would have undergone both brain SPECT imaging under activation and 
behavioral testing using the test battery designed for the Alzheimer study (with the exception of the 
tasks used to record global functioning measures in the population of patients). At the behavioral level, 
the predictions were that relative to younger adults, older ones would show diminished performance in 
tasks assessing working memory. Furthermore, it was expected that in tasks with various complexity 
levels (such as dual tasks) older adults would show a larger drop in performance associated with 
complexity than would younger adults. At the brain level, it was predicted that normal aging would 
have been associated with a reorganization of the brain functional networks underlying executive 
functioning as assessed with verbal fluency. Compared to pathological aging for which an antero-
posterior disconnection was expected, it was predicted that normal aging would have been associated 
with a functional reorganization in the anterior part of the brain, involving the recruitment of bilateral 
prefrontal structures. 
 
According to the initial project, 40 healthy older adults, 40 healthy younger adults and possibly 40 
patients with early dementia of the Alzheimer’s type were meant to constitute the study population. 
The healthy older adults and the patients were to be drawn from the population investigated in 
Magistretti et al. study, whereas the younger adults were to be recruited specifically for the aging 
study. The assessment of the younger adults, with the complete protocol including brain imaging and 
extensive cognitive testing, was initiated about two years after the onset of the Alzheimer’s study and 
should have brought to one single large scale experiment conducted according to an intra-individual 
design. However, early in the course of the younger adults’ data acquisition, a second wave of 
preliminary voxel-wise statistical analyses conducted on subset of data acquired in the older 
population revealed peculiar results. Indeed, whereas the first wave of analyses, conducted on the 
data recorded for the first ten healthy older adults provided satisfying results (i.e. congruent with both 
the hypotheses and previous findings reported in the literature showing higher frontal activation 
associated with the verbal fluency task relative to phoneme repetition task), the second wave of 
analyses, conducted on data acquired later in the course of the study, demonstrated a totally different, 
unexpected and obviously artefactual pattern of activation. Voxel-wise t-tests analyses showed that an 
overwhelming activity including the overall surface of the cortex was associated with the activation, 
whereas a massive differential activity in the deep structures of the brain was specifically associated 
with baseline. It turned out that the main differences between the first and the second set of data that 
were analyzed consisted in differences in the data acquisition procedure (!).  
 
Indeed, about ten months after the onset of the Magistretti et al. in-vivo study, the acquisition protocol 
was modified according to findings suggesting that Gadolinium-153 (153Gd) could be used instead of 
Thalium-201 (102Tl) as rod sources to perform the transmission scans (Billet & Slosman, 1998). As a 
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reminder, the transmission scans (TCT) are acquired simultaneously to the emission scans (ECT) and 
are used, during the image reconstruction process, to correct for photon attenuation caused by the 
brain tissue: The deeper in the brain the photons are emitted, the lesser the probability that the 
scanner would detect them. Consequently, the signal from the deep structures is altered and needs to 
be corrected either by an omnibus mathematical correction or by the individual head volume provided 
by the transmission scan. Additionally, since ECT and TCT are acquired simultaneously, it is crucial to 
calibrate the scanner so that the isotopes used for ECT and TCT are recognized and differentiated 
during acquisition. Since each isotope is characterized by its energy, calibration is performed before 
acquisition by defining the energy range at which the isotopes used for ECT and TCT are expected. 
Again, as briefly mentioned earlier, the triple energy window method (TEW, Ichihara et al., 1993) is 
usually applied to determine the peak energy windows of the isotopes and to exclude upper and lower 
adjacent signal. Although the acquisition protocol did initially include the scanner calibration with the 
TEW, it was subsequently modified by removing the adjacent upper energy window, along with the 
modification introduced at the level of the rod source. This modification certainly participated to the 
cross-contamination between the 153Gd signal emitted from the rod source and the 99mTc signal 
emitted from the radiotracer.  
 
Additionally, the fact that the acquisition time was longer in baseline relative to activation enhanced 
the condition specific weight of 153Gd in the signal to noise ratio (given that 99mTc is considered as 
signal and 153Gd as noise). Whereas the acquisition duration was adapted to the amount of 99mTc to 
maintain the signal relatively constant across images, the consequent amount of 153Gd varied as a 
function of acquisition duration. Taken together, incomplete calibration and unbalanced split-doses 
were considered as two possible sources of cross-over contamination. Moreover, these were probably 
not independent for there was an interaction between the experimental condition and the degree of 
cross-contamination (the longer the acquisition, the larger the contamination)7. Although cross-
contamination was recognized as the most probable cause of the peculiar pattern of results obtained 
by voxel-wise analysis and that at least two assumptions were formulated to account for it, there were 
insufficient cues to further investigate and eventually solve the problem. Thus, parametric statistical 
analyses conducted to this point on the available dataset became “history” and investigations were left 
to visual clinical interpretation, useless to study the neural substrate of cognitive performance. In 
addition, image acquisition was abandoned, for the protocol needed to be fully redefined. Inevitably, 
the overall experimental design defined to study age-differences in working memory and their 
neurofunctional grounds needed to be reconsidered … 
 
 
After an initial “mourning” period consecutive to the loss of a whole tail of the research, decision were 
made to refocus the study and redefine the experimental means to achieve the goals originally 
pursued. Provided that a large set of behavioral measures was acquired and still available, the 
                                                 
7 It also turned out that the set of images acquired using Thallium-201 for the TCT were contaminated by the rod source, but to 
a lesser extent. Indeed, provided that these scans were acquired with the TEW method, and thus corrected to a large extend for 
cross-over Compton scatter contamination, the contamination was probably mainly caused by the time/signal ratio. 
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decision was made to use them more extensively than initially meant. That is, not only age differences 
would be investigated, but also individual differences in working memory. While SPECT 
experimentation was abandoned, the large battery of tests was still administered to younger adults. De 
facto, measures were already collected for a fairly large sample of students in psychology who 
underwent testing as part of course credit. These data served for preliminary analyses conducted to 
assess age differences in the task initially designed to evaluate the cognitive impairment expected in 
individuals at risk for Alzheimer’s disease. Although not initially meant to study age differences, the 
battery of tests nonetheless included tasks for which age-related differences were documented, 
especially tasks assessing working memory capacity, dual-task coordination and fluid cognition.  
Hence, a first wave of analyses was conducted on a subset of the data collected on younger and older 
adults using the test battery defined for the Alzheimer’s study. Only the tasks for which single and dual 
conditions were available were considered (de Ribaupierre & Ludwig, 2000, 2003). These analyses 
were conducted not only to assess age-related differences in each of the tasks, but also to address 
two more specific issues: the consistency of a single coordination mechanism and the reliability of 
age-differences in the cognitive cost associated with task coordination. The data collected in five dual 
tasks8 were retained for the analyses. Predictions were that significant cross-correlations controlled for 
age should be found between the dual performance scores, for coordination to be considered as a 
general mechanism operating across a variety of tasks. Additionally, predictions were that significant 
age-differences should be found in cost indices (i.e. in the dual-task coordination component) if 
reliable age-differences subsist above and beyond the age differences found in control, single 
conditions. 
 
The results demonstrated that although significant correlations were found across dual-task raw 
performance scores, the significance threshold was in many cases no longer reached when Age was 
controlled for. Moreover, cross-correlations between cost indices were also very low, even when not 
controlled for Age. Hence, these findings did not support the assumption of a an age-independent 
common coordination factor. The results also revealed that, contrary to the predictions, older adults, 
as compared to the younger ones, did not demonstrate a specific impairment in dual tasks 
coordination. Indeed, although older adults demonstrated overall lower performances than younger 
ones, they were not significantly more hampered than younger by the increasing demand associated 
with task coordination.  
 
Nonetheless, and provided that reliable age differences were demonstrated in the tasks considered, 
questions were raised about the differential requirements in cognitive/attentional resource associated 
with the dual tasks, and, to a larger extent, to all the tasks assessing fluid abilities defined in the 
Magistretti et al. study. Indeed, it was assumed that age differences in a cognitive primitive, that is a 
general mechanism, could account for age-related difference in tasks requiring at least a certain 
                                                 
8 Paper and Pencil Test (box crossing and digit recall), Continuous Monitoring Task (size and color adjustment), Matrices 
Double Verbal (words and locations) for which both single and dual conditions were available; Reading Span (semantic 
judgment and word recall) for which the word single condition was borrowed from the Matrices Single words; GFT (target 




degree of attentional/cognitive demand (e.g., Salthouse, 1990). Second, it was postulated that 
attentional control, as indexed by performance in working memory tasks, could be considered such a 
cognitive primitive (e.g. Verhaeghen, Cerella, Bopp, & Basak, in press). Finally, it was assumed that 
individual differences in this cognitive primitive, in addition to the age differences, could account for the 
differences reported in fluid cognition. Although this latter issue has been approached by means of 
correlational designs (e.g. Salthouse, 1990), no corresponding investigation has been conducted by 
means of a so-called “extreme group designs” (Alf & Abrahams, 1975; Feldt, 1961). As a result, 
decisions were made to redefine the experimental approach by applying such a design that allowed to 
capture qualitative differences as a source of individual differences in cognitive processing, over and 
beyond those quantitative ones revealed by correlational approaches. This newly defined experiment 













For centuries, man has questioned the mechanisms underlying knowledge, thinking and learning. 
Although these issues have been mentioned in philosophical writings since Plato (ca. 428- 348/ 
B.C.E.) and Aristotle (384-323 B.C.E.), it was not until the middle of the nineteenth century that 
“mental faculties” began to be extensively measured. More importantly to the present purpose, it was 
only quite a century later that developmental changes in adulthood became considered. The drastic 
increase in life expectancy at birth that occurred during the first half of the century9 and the resulting 
increase of the older portion of the population probably accounted for this ever growing interest about 
the specificities of old age. The 1940’s saw the creation of dedicated research units, the organization 
of scientific meetings and the publication of scientific reviews, all specifically dedicated to address age 
and aging issues. In the following decade, the research on older adults was flourishing. Large cross-
sectional studies were launched to investigate the structure of mental abilities in older individuals (e.g., 
Corsini & Fassett, 1953; Dennis, 1953; Schaie, Rosenthal, & Perlman, 1953; Welford, 1958), with 
some of them being subsequently pursued with several follow-up studies (e.g. the still ongoing Seattle 
Longitudinal Study which was launched in 1956, see Schaie, 1998). At the time, methods and theories 
applied in the “psychology of age” and the “psychology of aging” (see Birren & Schroots, 1996, for 
details on this distinction) were strongly influenced by – and undoubtedly benefited from - the 
psychometric and developmental child psychology traditions (Birren & Birren, 1990; Birren & Schroots, 
2001).  
This middle of the twentieth century was also characterized by a radical shift in the scientific thinking, 
especially in North America, by ways of the so-called “cognitive revolution” which challenged the 
prevailing behaviorist model of human functioning (G. A. Miller, 2003). The cardinal characteristic of 
the cognitive movement was a plea for an analogy between the nervous system and logical systems 
(e.g., McCulloch & Pitts, 1943) and the use of the computer metaphor to describe behavior in terms of 
information processing. The cognitive perspective provided clues to relate brain to behavior, and used 
notions such activation, process, feed-back, auto-regulation to account for behavior (e.g., Halstead, 
1951; McCulloch, 1951).  
 
                                                 
9 Life expectancy at birth in 1900 was of  49.24 / 47.08 years Unites States and Switzerland, respectively. It was of 63.62 / 64.82 
years in 1940 and of 68.07 / 68.61 years in 1950. Today, life expectancy is of 75.37 / 77.02 years (National Center for Health 
Statistics, 2002; Office Fédéral de la Statistique, 1995). 
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No need to say that the cognitive revolution also modified the perspectives in psychology of aging. In 
the 1980’s and early 1990’s, the term “cognitive aging” appeared in the literature (e.g., Cerella, Poon, 
& Williams, 1980; Salthouse, 1988a, 1991c) to refer to the study of age differences and age changes 
in the processes underlying cognitive behavior. Age differences in various aspects of cognition could 
hence be interpreted in terms of age differences in processing resources, either represented by 
general constructs such as processing speed (e.g., Salthouse, 1985a, 1992a), working memory (e.g., 
Salthouse, 1990), inhibition (e.g., Hasher & Zacks, 1988), or by more specific cognitive processes.  
In addition to this radical shift in thinking, which allowed for an envisioning of processes and 
mechanisms underlying behavior, the recent extraordinary development in brain imaging techniques 
further allowed actual investigation of their neurological substrate, and effectively link brain to behavior 
above and beyond lesional studies. Recordings of brain electric activity by means of 
electroencephalography, brain metabolism and neurotransmission by means of scintigraphy, and brain 
oxygen consumption by means of fMRI now provide tools to explore the neurofunctional bases of 
cognitive processes. In the study of aging, pioneer work using 15O-H2O PET (Grady et al., 1994) and 
fMRI (Rypma & D'Esposito, 2000) already drew the sketches of a new research field, the cognitive 
neuroscience of aging (Cabeza, Nyberg, & Park, 2004). 
 
The present work is undoubtedly settled in these recent developments of the study of age differences 
in cognition. It addresses the issue of age and individual differences in the general construct of 
working memory – or attentional control - and aims to investigate how these differences can account 
for differences in cognition. The manuscript, reporting this work, is organized the following way: First, a 
theoretical section will provide a background to the experiment by reviewing general perspectives in 
cognitive aging, attentional control and neuroscience of aging. It will be followed by an experimental 
section dedicated to report the experiment proper. The manuscript will conclude with a general 
discussion opening to future perspectives. 
 
The theoretical section will entail four chapters. In the first one, empirical findings and theoretical 
propositions in regards of cognitive aging will be reviewed. These will point out the fact that the age-
related decline of cognitive performance is not equally found across cognitive domains, and most 
specifically, across culture driven crystallized abilities and biologically driven fluid ones. It will also 
point out that the course of the age-related decline in cognitive performance is different, whether one 
considers pragmatics or mechanics of cognition. By referring to the framework provided by the 
lifespan psychology, it will be argued that aging is a multidimensional and multidirectional process that 
nonetheless ends by an unavoidable decline under biological constraints. The empirical demonstration 
of the latter effects is the increase in inter-domain and in inter-modality cross-correlations which 
highlights a psychometric dedifferentiation of abilities and an increase weight taken by the general 
factor of intelligence in the course of aging. While the psychometric perspective allowed to highlight 
the age-related changes in the structure of abilities, accounts of this phenomenon were proposed and 
mainly called upon a common cause, an ill-defined third variable that might explain the empirical 
observations. Although undoubtedly biological in essence, this common cause is hypothesized to be 
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reflected at the behavioral level and is to be related to the construct of general cognitive resources 
proposed in cognitive psychology. The core assumption is that these resources are limited in capacity, 
and that this capacity declines with age hence placing larger constraints upon cognitive processing in 
a wide variety of tasks. Capacity is usually accounted for either in terms of time, space or energy. The 
aim of the first chapter is thus to review the candidate constructs that have been identified to account 
for cognitive aging, among which processing speed, working memory, and so called “cognitive 
primitives” such as inhibition, coordination or switching. Related empirical findings are discussed and 
challenged, leading to the theoretical hypothesis taken in this work, that attentional control, as 
measured by working memory tasks, is a valuable construct representing, at the behavioral 
level, the common cause accounting for cognitive aging. 
In the second chapter, three theoretical models of working memory will be described. They have been 
chosen for their respective focuses. The first to be presented is the model of working memory 
proposed by Baddeley and Hitch (1974) and further developed by Baddeley (1986; 1996a; 2000). This 
model was chosen because it focuses on the architecture, rather than on the functions of working 
memory, and thus provides an useful heuristic. The second theoretical perspective that is presented is 
Engle’s  two-factor theory of cognitive control (e.g., Engle & Kane, 2004, see also Engle, 1992). The 
choice was driven by the fact that Engle focuses on the functional aspect of working memory, but also, 
and most of all, because individual differences in this construct are of central concern. The third 
theoretical perspective is that of Cowan (1995; 1997; 1999) and was chosen because it provides a 
functional account of developmental differences in working memory, even though these do not directly 
address aging, but rather childhood. Although fairly distinct with respect to the nature and functions 
attributed to working memory, these three theoretical positions nonetheless consider an attentional 
control component which resources are limited. Consequently, it will be assumed that the attentional 
control component of working memory is the most sensitive to age and individual differences 
and changes in this component may further account for age and individual differences in 
higher order cognition. 
The third chapter will be devoted to discuss the implementation of attentional control in the brain in the 
face of the aging process. In a first part of the chapter, a brief review of the findings will support the 
assumption that the dorsolateral prefrontal cortex is a cardinal structure onto which attentional control 
relies. Further on in this chapter, the age-related changes in the structural and functional aspects of 
the brain will be pointed out, suggesting that the more age-sensitive structures are the associative 
areas, and particularly those in the prefrontal lobe. With this respect, the frontal lobe hypothesis of 
cognitive aging will be subsequently discussed and challenged, leading to the assumption that 
cognitive aging results from a functional alteration of brain networks, rather than a functional 
alteration of the prefrontal cortex proper. 
The fourth chapter will conclude the theoretical section and will be dedicated to present the objectives 
of the study as well as the general hypotheses that were drawn.  
 
The experimental section will follow and embeds three chapters. The first one, Chapter V, is dedicated 
to report the method and experimental design used, as well as the hypotheses that were drawn. As 
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mentioned in the foreword, the experimental design that was applied was driven in large part by the 
choices made in the Magistretti et al. (1996-2001) Alzheimer study, especially with respect to the task 
that were used. In addition, the statistical design was chosen as a result of preliminary findings from 
correlational analyses that failed to support the generality of a coordination mechanism and its 
account in cognitive aging (de Ribaupierre & Ludwig, 2000, 2003). Consequently, another perspective 
was adopted and an extreme group design was applied, for it provided means to consider 
simultaneously the effect age and individual differences in working memory capacity on cognitive 
performance. More precisely, in either the younger and the older adults experimental samples, 
individuals with higher and lower working memory capacity were identified based on their performance 
on a composite score of working memory. Subsequently, cognitive performance in various cognitive 
tasks was assessed for individuals belonging to these experimental groups. Above and beyond the 
assessment the main effects of age, on the one hand, and working memory capacity on the other, a 
central concern of investigation was whether low working memory span older adults would be 
exaggeratedly impaired because of a reduced capacity due to advanced age cumulated with an 
intrinsic smaller amount of available resources. Of additional interest was the comparison of high 
performing older adults, assumed to demonstrate a reduced capacity due solely to advancing age, to 
low performing younger adults, meant to demonstrate smaller capacity as a result of individual 
differences. Such a comparison permitted to address the issue of qualitative age-related changes, 
over and beyond quantitative one. The effects of age and individual differences in working memory 
capacity were evaluated on two dual tasks, on tasks assessing short- and long-term memory, episodic 
memory, processing speed and resistance to interference. The findings are reported in Chapter VI, in 
which a complete description of the results is provided, along with their discussion. The manuscript will 


























As delineated in the introduction, interest in the aging phenomena encountered a rapid growth during 
the twentieth century and more specifically after World War II. The improvement of ideas and theories 
regarding intellectual development in adulthood gained from two major perspectives, namely 
psychometrics and information processing theory. Borrowing methods initially developed and applied 
in the field of developmental child psychology, each of the aforementioned traditions gave rise, initially, 
to quite distinct lines of research. On the one hand, the psychometric tradition placed an emphasis on 
the study of age differences in the organization and in the structure of mental abilities, with little accent 
placed on the specific processes that could account for the observed differences. On the other hand, 
information theory placed an emphasis on age differences on distinct processing components with 
little worry about general accounts of the aging phenomenon. Gradually, however, the psychology of 
aging did benefit from the joint influences of both these perspectives.  
Questions were raised about general underlying mechanisms that could account for age differences – 
or age changes – reported in the structure of mental abilities and in the wide variety of information 
processing components. Hence, in a primarily psychometric perspective, the empirical age-related 
dedifferentiation of mental abilities was postulated to result from the effect of a common underlying 
cause (e.g., Baltes & Lindenberger, 1997; Garrett, 1946; Horn & Cattell, 1967; Lindenberger & Baltes, 
1994; Reinert, 1970) whereas in the primarily cognitive approach, the numerous age-related 
differences reported in specific components of information processing were assumed to result from an 
age-related decline in a more general mechanism (e.g., Salthouse, 1991c; Verhaeghen et al., in 
press). Provided these, the present chapter has three major goals. First it aims at bringing an overview 
of the empirical results that conducted researchers to postulate that, if not a single, but at least a small 
number of general mechanisms, could account for cognitive aging. Second, this chapter aims at 
providing a review of the “cognitive primitives” (Verhaeghen et al., in press) that have been proposed 
to reflect this – those - general mechanism(s). Third, and last, this chapter will try to introduce the 
construct of attentional control which will be at the center of the present work. 
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I.1. THE PSYCHOMETRIC PERSPECTIVE AND THE « COMMON 
CAUSE HYPOTHESIS » 
 
Although initial interest for the study of individual differences in intelligence and in the organization of 
mental abilities is commonly attributed to the theoretical propositions of Francis Galton (1865a; 
1865b), the first empirical study was reported by Charles Spearman at the turn of the century (1904a; 
1904b). Inspired by the propositions of Galton suggesting that mental abilities comprised a number of 
special abilities (e.g., linguistic, mathematical, memorial) in addition to an innate and general ability 
(eminence), Spearman conducted a seminal experiment devised to investigate, in school aged 
children, the relations between achievement in various scholastic domains and sensory measures. By 
means of this experiment, Spearman not only demonstrated positive correlations among the nine 
variables considered, but also brought evidence, by means of the factor analysis he devised, that 
these mental abilities had loadings on one single common factor, labeled general factor or g 10. From 
these findings, Spearman subsequently elaborated a two-factor theory of intelligence in which 
individual differences on any measurement of any mental abilities were attributed to two factors: A 
general factor, the so-called Spearman’s g, that was common to all mental abilities considered, and 
some specificity, s, that related exclusively to each ability measurement (Spearman, 1927). This 
seminal work of Spearman allowed the subsequent development of ever more sophisticated variants 
of factor analysis which, along with the development of intelligence tests, gave birth to psychometrics 
and to the extensive study of the structure of mental abilities.  
 
I.1.1. THE STRUCTURE OF MENTAL ABILITIES 
Following Spearman, and throughout the twentieth century, several influential models of the 
organization of mental abilities were proposed. As a result of the development of statistical methods 
allowing to extract more than one factor from the correlation matrix, Louis Thurstone (1938; 1947) 
proposed a radically different organization of mental abilities than did Spearman. Indeed, Thurstone 
suggested a model containing nine orthogonal primary factors (reflecting Primary Mental Abilities) 
rather than a single Spearman’s g. However, because the application of Thurstone’s method lead to 
an ever growing number of primary factors (e.g, Guilford, 1967), and because persistent positive 
manifold was reported across heterogeneous tasks, some authors proposed to model the organization 
of behavior into a hierarchical structure. These models were introduced by Cyril Burt (1949) who 
favored an organization containing group or second level factors, all loading on a higher level or 
primary g factor. Such a hierarchical structure was further developed by Philip Vernon (1950) who 
suggested a subdivision of the higher-order g factor in two second-order factors - verbal education or 
v:ed and spatial-practical-mechanical or k:m -  each again subdividing into minor factors. The 
secondary order factors distinguished verbal from non verbal abilities, a distinction close from that 
                                                 
10 For seek of clarity, and as suggested by Jensen (1998), a distinction will further be made between Spearman’s g, 
psychometric g and g, with the former referring to a matrix in which there is a single common factor, the second referring to the 
common factor that accounts for the largest amount of variance regardless of the number of other factors in the matrix and the 
latter referring to the highest order factor in a hierarchical factor analysis, regardless of the proportion of variance accounted for. 
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subsequently proposed by Cattell and Horn between factors of fluid and crystallized intelligence (R. B. 
Cattell, 1943, 1963; Horn & Cattell, 1966). Contrary to Burt and Vernon, Cattell and Horn did not posit, 
however, a higher order general factor. Rather, they proposed that intelligence relied on six (later five) 
general abilities, among which Gf and Gc and Gv. These factors did in turn account for a series of 
minor factors, themselves accounting for performance in the tasks studied (e.g., Horn & Cattell, 1967). 
The most recent developments in the field grew toward a consensual framework in which three strata 
are considered (Carroll, 1993, 1996; Gustafsson, 1984, 1988). The first strata includes narrow factors 
similar to those proposed by Thurstone, which load on broader factors close to the Gf, Gc and 
eventually Gv proposed by Cattell and Horn, or v.ed and k:m proposed by Vernon. The broader 
factors load on higher level general (g) factor, such as that initially suggested by Spearman, but which 
shares virtually all its variance with Gf (e.g., The HILI-Model proposed by Gustafsson, 1984). Although 
not all researchers agree with this framework and particularly with the implementation of a general 
factor (e.g., Gardner's Theories of Multiple Intelligences, Gardner, 1999; or Guilford's Structure of 
Intellect Model, Guilford, 1967), it remains currently the most consensual and highly valuable in 
describing individual differences in cognition. In addition, and more importantly to the present purpose, 
the three strata framework is also extremely valuable in describing and understanding age-related 
differences in the structure and organization of mental – or cognitive –  abilities, either at the level of 
broad factor such as Gf and Gc, or at the level of the general factor.  
 
I.1.2. THE MULTIDIMENSIONALITY OF COGNITIVE AGING 
Currently, there is a fairly large consensus in the fact that cognitive aging is characterized by a 
multidimensional and multidirectional development of mental – cognitive - abilities. Multidimensionality, 
in this particular case, characterizes the distinction between fluid/mechanic and crystallized/pragmatic 
abilities, whereas multidirectionality characterizes the different developmental trajectories that these 
abilities follow. Indeed, on the one hand, large sets of empirical results have revealed that aging, at 
least until very old age, is characterized by a decline of fluid abilities and a relative maintenance of 
crystallized ones (e.g., Horn, 1968; Horn & Cattell, 1966, 1967; Horn & Hofer, 1992). More recently, 
the distinction between fluid and crystallized patterns of development have been referred to as a 
distinction between mechanics and pragmatics of cognition in a broader theoretical framework on 
lifespan human development (e.g., Baltes, 1987, 1993, 1997; Baltes & Baltes, 1990; Baltes, Reese, & 
Lipsitt, 1980). Empirical results and theoretical propositions associated with the multidirectionality and 
multidirectionality of cognitive aging will be reported in the next sections. 
  
I.1.2.1. FLUID AND CRYSTALLIZED INTELLIGENCE 
As mentioned earlier, the nowadays fairly common terms of “fluid” and “crystallized” abilities were 
introduced in the psychometric literature by Cattell (1943) who argued that intelligence could not fully 
be captured unless taking into account both abilities calling upon culturally anchored acquired 
scholastic knowledge (so-called crystallized) and abilities largely determined by an intrinsic and 
biologically based capacity (so-called fluid). Based on observations reported by Hebb (Hebb, 1941, 
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1942, cited in R. B. Cattell, 1943) revealing divergent patterns of performance for each type of abilities 
either associated with brain lesions or with development, Cattell did posit the necessity of considering 
both types of aptitudes in the assessment – and hence in the definition - of intelligence. He further 
argued that batteries of tests assessing intelligence should not only include culture-based test, but 
also culture-fair tests, so to capture crystallized and fluid abilities, respectively. By means of empirical 
psychometric studies, Cattell (1963) and later Cattell and Horn (see Horn & Hofer, 1992, for a recent 
review), brought evidence that fluid and crystallized abilities indeed loaded on two distinct general 
factors, labeled Gf and Gc, instead of on one single g as proposed by Spearman. Gf was shown to 
load performances in tasks which required to adapt to new situations in which acculturation was of no 
particular advantage to solve the problem, (such as those provided in the WAIS Performance sub-
scale) whereas Gc was demonstrated to load performances in tasks which entailed to a large part 
cultural scholastic knowledge (as those provided in the WAIS Verbal sub-scale). Although loading 
different types of abilities, Gf and Gc remained highly correlated in homogeneous age populations 
(e.g., R. B. Cattell, 1963) which, by the way, lead to the (re)introduction in recent frameworks of a 
higher-order g factor (e.g., Gustafsson, 1984). Of more interest to the present purpose, the Gf-Gc 
distinction has proven to be useful in the study of maturation and aging. Indeed, Cattell and Horn 
demonstrated that fluid and crystallized abilities showed different age trends. Gf was reported to 
increase during childhood, reach a maximum at 14-15 years followed by a continuous decline from 22 
years on. Oppositely, Gc was reported to increase to the thirties and remain fairly stable, at least until 
65 years of age (Horn, 1970; Horn & Cattell, 1967). These empirical evidence, in addition to the 
results of the survey conducted by Hebb (op cit.) on differential effects of brain damage, lead Cattell 
and Horn to extensively develop the Gf-Gc theory of intelligence. 
 
According to this theory (e.g., Horn, 1968; Horn & Cattell, 1966, 1967; Horn & Hofer, 1992) which 
attempts to integrate the aforementioned findings, abilities are organized into two general forms of 
intelligence, i.e. fluid and crystallized, each representing the operation of distinct influences in 
development. Fluid intelligence is associated with the biological and physiological structure upon 
which processes must be constructed, i.e. the so-called “hardware” to borrow from the cognitivist 
metaphor. Oppositely, crystallized intelligence is associated with cultural influences, through learning, 
knowledge acquisition and education, and may be linked to the notion of “software”. Operationally, 
fluid intelligence is defined by culture-fair tasks equally novel to all individuals and in which eduction of 
relations and correlates, formation of concepts, reasoning and abstracting are required (e.g. letter 
grouping series, digit-symbol). Crystallized intelligence, in turn, is defined by tasks in which the 
collective knowledge is required (e.g. vocabulary). Hence it indicates the extent to which one has 
appropriated his own culture. Because fluid and crystallized intelligence rely on different influences, 
the theory further states that each should show a different developmental trend. Indeed, because fluid 
intelligence depends on the maturation and the decline of the nervous system, it demonstrates a rapid 
growth in childhood and a relative early decline in adulthood. Crystallized intelligence also shows an 
increase during childhood, but that is subsequent of that of fluid intelligence, for knowledge acquisition 
and learning depend on the integrity of the underlying physiological structure, over and beyond cultural 
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experience. However, because experience operates during the entire lifespan, crystallized intelligence 
is meant to increase almost throughout whole development, at least until the decline of fluid 
intelligence indirectly operates onto the capacity to use and acquire knowledge. Hence, the theory 
predicts that in adulthood, age differences in favor of the younger should be reported in fluid abilities 
while age differences in favor of the older should be reported in crystallized abilities. Indeed, these 
predictions found extremely large empirically support not only from Cattell and Horn’s own findings 
(e.g., Horn & Cattell, 1967), but also from findings of numerous other studies, both using cross-
sectional and longitudinal designs (see Horn & Hofer, 1992, for a review). These fairly clear-cut and 
empirically demonstrated differences in developmental trajectories of fluid and crystallized abilities 
have been more recently integrated as a “sample case” of more general propositions formulated in the 
framework of the lifespan development theory (e.g., Baltes, 1997). These are briefly described next. 
 
I.1.2.2. MECHANICS AND PRAGMATICS OF COGNITION 
The lifespan development theory has been proposed by Baltes and colleagues (e.g., Baltes, 1987, 
1993, 1997; Baltes & Baltes, 1990; Baltes, Reese et al., 1980) as a framework concerned with the 
“description, explanation and optimization of intra-individual changes in behavior, and inter-individual 
differences in such changes from conception to death” (Hultsch & Deutsch, 1981, p. 15). Thus, 
contrary to more biological views that characterize development essentially by prematurational 
processes, lifespan theory considers that development occurs at all points of the lifespan (see Woolf, 
2000, for a discussion of different theoretical perspectives on development). Furthermore, the theory 
posits that the development is constrained by both biological and cultural influences and the dynamics 
between those is regulated by three foundational and ever interacting principles: the benefits of 
evolutionary selection, the need/demand for culture and the efficacy of culture (e.g., Baltes, 1997). 
Throughout the lifespan, and particularly in adult development, the benefits from evolution and the 
efficacy of culture evince a negative correlation with age, while a positive one is conceived for the 
need/demand for culture. As a result of these multidirectional trajectories, individuals need to 
continuously adjust the balance between desirable and undesirable changes, that is, between gains 
and losses. This balance is maintained by means of functions that aim at reaching higher levels of 
functioning (growth function), helping maintain a relatively high level of functioning in face of 
contextual experience or loss of biological potential (maintenance or resilience function) and managing 
functioning at a lower level when maintenance is no longer possible (regulation of losses function). 
While the relative resource allocation to the growth function diminishes with advancing age, it 
oppositely increases toward resilience and regulation of losses, mainly because aging, and particularly 
in old age, is associated with a increase of losses over gains (Baltes, 1997).  
 
Although the framework proposed by the psychology of lifespan development is rather general and 
theoretically applies to virtually all life domains, a sample case is made of the intellectual development. 
Indeed, inspired by the forerunner theory of fluid and crystallized intelligence (e.g., R. B. Cattell, 1943; 
Hebb, 1941; Horn & Cattell, 1967), the lifespan theory proposes a dual process model of intellectual 
development that distinguishes between two components of intelligence, the biology-based mechanics 
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and the culture-based pragmatics of cognition. Although the mechanics and pragmatics are to be 
related to fluid and crystallized intelligence (Horn & Cattell, 1967), the propositions made in the 
lifespan development framework go beyond the empirically based description of a particular factorial 
structure and a definition based on task loadings. Indeed, additional theoretical assumptions are made 
and the characterization of the two constructs go beyond the empirical scope. In the lifespan 
developmental theory, the mechanics of cognition are defined as biologically determined cognitive 
primitives generated by biological evolution and relying on a physiological preprogrammed basis, the 
brain. Oppositely, pragmatics are defined as culture-based bodies of knowledge resulting from the 
learning and integration of the culturally transmitted knowledge. Thus, mechanics of cognition 
represent universal information processing fundamentals that are biologically constrained and 
pragmatics of cognition represent idiosyncratic life experience. In addition, given that the constructs 
are described within the afore-mentioned developmental architecture and in the spirit of the biocultural 
co-constructivism, they are conceived as interacting parts of a integrative and collaborative system in 
which the biological-genetic and cultural evolutions influence each other (e.g., Baltes & Singer, 2001). 
As a result, lifelong biological and behavioral plasticity is expected. Examples are practice-associated 
brain reorganizations (Chollet, 2000; Elbert, Pantev, Wienbruch, Rockstroh, & Taub, 1995) or 
improvement of cognitive performance by the use of purposely learned strategies (Baltes & Kliegl, 
1992; Kliegl, Smith, & Baltes, 1990). In intellectual development, as in other domains, the dynamics of 
biology and culture reciprocal influences fall under the govern of the growth, maintenance and 
regulation of loss functions. Selection, optimization and compensation are constantly required to keep 
the balance between gains and losses, especially in the face of the age-related decrease of the 
biologically determined mechanics (Baltes & Baltes, 1990). Thus, intellectual development implies 
multidimensionality and multidirectionality. Multidimensionality because cognition embeds mechanics 
and pragmatics. Multidirectionality because the two distinct cognitive constructs demonstrate different 
lifespan trajectories. In late adulthood, however, the degree of completeness of the architecture (i.e. 
the ratio between gains and losses) tends to decrease; the inevitable age-associated losses in 
biological efficiency constrain development, making the positive balance between gains and losses 
ever more difficult to achieve. 
 
The theoretical propositions provided by the lifespan developmental psychology in regards of 
intellectual development have found extensive empirical support. As already briefly discussed in 
regards of the Gf-Gc theory of intelligence, mechanic “fluid” abilities and pragmatic “crystallized” 
abilities have been rather clearly isolated, especially for they demonstrate differential age trends 
(Baltes & Staudinger, 1993; Horn & Cattell, 1967; Lindenberger & Baltes, 1997). Of additional interest 
are pieces of evidence suggesting that with advancing age, and particularly in late adulthood, 
differences appear in the pattern of inter-domain and inter-modality cross-correlations. The associated 
age-related change in the factorial structure accounting for the organization of human intelligence lead 
to posit that advancing age is characterized by a dedifferentiation of abilities, ultimately accounted for 
by increasing constraints placed by biology upon cognition.  
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I.1.3. AGING AND THE DEDIFFERENTIATION HYPOTHESIS  
The dedifferentiation hypothesis was first proposed by Reinert (1970, see also Baltes, Cornelius, 
Spiro, Nesselroade & Willis, 1980) on the basis of findings reported by Balinsky (1941) and as a mirror 
of the forerunner differentiation hypothesis suggested by Garrett (1946) and Burt (1954). The notion of 
differentiation-dedifferentiation refers to the differences observed in the factorial structure accounting 
for the organization of human abilities across the lifespan. More precisely, the differentiation describes 
the fact that from childhood to adolescence, the weight of a general factor in the structure accounting 
for human abilities diminishes with age and the organization of abilities progressively becomes better 
accounted for by a structure containing group factors. The dedifferentiation refers to a similar but 
reverse phenomenon occurring in the second part of life. Indeed, from early to late adulthood, the 
factorial structure changes from an organization with specific group factor to a structure in which fairly 
all abilities load on a single general factor (see Reinert, 1970, for a review). Hence, according to the 
differentiation-dedifferentiation hypothesis, the covariances between factors – or the positive manifold 
in the correlation matrix - are expected to be high in earlier and later portions of the lifespan and fairly 
low in young adulthood. De facto, empirical evidence for the hypothesis has been reported in the 
literature, both in regards of age-related differences in the inter-domains and the inter-modalities 
correlations. Some of these findings are reported next and, for the present purpose, will be 
circumscribed to the second part of life, hence concerning only the age-related dedifferentiation of 
abilities. 
 
I.1.3.1. INCREASE IN INTER-DOMAINS CORRELATIONS  
The positive manifold in the correlation matrix has been reported not only in cross-sectional studies, 
but also in longitudinal ones. As concerns the former, and in regards of recent findings, the most 
substantial evidence for the dedifferentiation hypothesis is undoubtedly brought by the results of the 
Berlin Aging Study (BASE, Baltes & Mayer, 1999). This large interdisciplinary study was conducted to 
investigate medical, psychological, sociological and economic characteristics of old age using a 
representative sample of 516 west Berliners, aged 70 to over 100, stratified by age and gender. All 
individuals underwent extensive assessment of all the aforementioned domains (see, Baltes, Mayer, 
Helmchen, & Steinhagen-Thiessen, 1999, for a detailed design of the study). Of particular relevance to 
the present purpose was the assessment of intellectual functioning by means of a computerized 
battery of 14 tasks administered individually and assessing both mechanics and pragmatics of 
cognition (Lindenberger & Baltes, 1997; J. Smith & Baltes, 1999). The cross-sectional analysis of 
these data first revealed that performance was associated with a negative age-gradient in both the 
fluid-like mechanics (i.e. perceptual speed, memory and reasoning) and the crystallized-like 
pragmatics (i.e. fluency and knowledge), with a decline slightly more pronounced for the mechanics 
than for the pragmatics. This pattern revealed that on average, increasing age was associated with a 
decline of cognitive performance. In addition, findings revealed large correlations both within and 
across cognitive domains with a magnitude higher that commonly reported in earlier phases of the life 
span (Carroll, 1993). Furthermore, the positive manifold reported in the correlation matrix remained 
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substantial after controlling for age, hence revealing that the observed pattern of results could not be 
merely attributed to the consequences of the uniformity of age effect upon the studied abilities (see 
Hofer & Sliwinski, 2001, for a discussion of this issue). Finally, results revealed that although the 
organization of the cognitive abilities studied could be captured by a structural model containing five 
distinct group factors (fluid perceptual speed, memory, reasoning, and crystallized fluency and 
knowledge), with all of these factors demonstrating substantial loadings (from .90 to .95) on a single 
second-order general factor (Lindenberger & Baltes, 1997; Lindenberger & Reischies, 1999). As a 
whole, the results from the Berlin Aging Study revealed an age-associated coupling of fluid and 
crystallized abilities and provided considerable support to the age-related ability dedifferentiation 
hypothesis. Actually, although the results of the BASE are probably the most prominent ones and 
were recently replicated by Li et al. (2004) using the same tasks on a different population, several 
other cross-sectional studies reported findings of comparable support to the hypothesis. Indeed, 
Hertzog and Bleckley (2001) and Schaie and colleagues (Schaie, Maitland, Willis, & Intrieri, 1998; 
Schaie, Willis, Jay, & Chipuer, 1989) reported an age-related increase in the correlations between 
tasks assessing the Primary Mental Abilities defined by Thurstone (1947) and aknowledged the 
necessity of considering a higher order factor in the structure accounting for the organization of 
abilities in older populations. Similar conclusions were reached by Schmidt and Botwinick (1989), and 
Juan-Espinosa et al. (2002) who analyzed the WAIS-R and WAIS III. Results of longitudinal studies 
further brought evidence that the age differences reported in the organization of abilities were indeed 
also present when considering age-related changes. Indeed, findings from the Seattle Longitudinal 
Study (Schaie, 1998) and from the Berlin Aging Study (Lövdén, Ghisletta, & Lindenberger, 2004) 
demonstrated an age-related change in the pattern of inter-domain cross-correlations toward an 
increase of the positive manifold. Finally, support to the dedifferentiation hypothesis were brought in 
narrower cognitive domains. In the visuo-spatial domain, for example, Chen and colleagues reported 
that in older populations, a structure with a single factor did account for the performance in tasks 
designed to assess the ventral-object and the dorsal-location processing streams (J. Chen, Myerson, 
& Hale, 2002), while a structure containing two distinct factors was necessary to account for the 
performance in younger populations (J. Chen, Myerson, Hale, & Simon, 2000). Another example may 
be found in the results reported by Babcock, Laguna and Roesch (1997) in relations to processing 
speed with an age-related increase in the inter-correlations between measures of motor speed, 
alphanumeric and geometric cognitive processing speed. All together, these findings support an age-
related increase in the coupling of abilities (but see Anstey, Hofer, & Luszcz, 2003; Cunningham, 
1980; Escorial, Juan-Espinosa, Garcia, Rebollo, & Colom, 2003; Park et al., 2002; Zelinsky & Lewis, 
2003, for divergent findings). Above and beyond the support to the dedifferentiation hypothesis 
conveyed a) by the age-related decline reported for both fluid and crystallized abilities especially in old 
age and b) by the age-related increase in the inter-domain cross-correlations, is c) the age-related 
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I.1.3.2. INCREASE IN INTER-MODALITY CORRELATIONS  
Another piece of evidence pleading in favor of the dedifferentiation hypothesis is the fact that old age 
is associated with an increase of correlations between cognitive functions and measures sensorimotor 
and biological functions (see K. Z. H. Li & Lindenberger, 2002, for a review). Indeed, significant, 
although often moderate, correlations were reported between measures of intellectual functioning and 
blood pressure (Salthouse, Hambrick, & McGuthry, 1998, but see Christensen et al., 2001), grip 
strength, proprioceptive sensitivity and lower limb strength (e.g. Anstey, Stankov, & Lord, 1993), tactile 
discrimination (S.-C. Li, Jordanova, & Lindenberger, 1998), olfactory acuity (Dulay & Murphy, 2002), 
visual acuity (e.g. Anstey, Lord, & Williams, 1997; Baltes & Lindenberger, 1997; Christensen, 
Mackinnon, Korten, & Jorm, 2001; Lindenberger & Baltes, 1994) and auditory acuity (e.g. Baltes & 
Lindenberger, 1997; Lindenberger & Baltes, 1994). In addition, the magnitude of the correlations that 
were reported were typically larger than those observed in younger and middle aged adults and 
particularly in regards of crystallized abilities (e.g. Baltes & Lindenberger, 1997). Of additional interest, 
the age-related variance in intellectual functioning was in a large part accounted for by differences in 
sensory variables. As an example, Lindenberger and Baltes (1994) reported on a sample of 156 
individuals aged 70 to 103, that age accounted for 40.8% of the total variance in intellectual 
functioning, vision for 41.3% and hearing for 34.5%, and taken together, vision and hearing accounted 
for 52% of the variance. However, a large proportion of the total variance was shared by all three 
predictors and only 2.8% was uniquely related to age, 2.8% uniquely related to vision and 5.4% 
uniquely related to hearing, suggesting that sensory variables are powerful mediators of age-cognition 
relations. In a subsequent study in which an additional population of younger adults were included, 
Baltes and Lindenberger (1997) further demonstrated that the percent of total variance accounted for 
by sensory variables in intellectual functioning was larger for the older age group than for the younger 
one. Moreover, they revealed that the proportion of age-related variance shared with sensory 
variables was consequent in both age groups for fluid-mechanics abilities, while for crystallized-
pragmatics the corresponding proportion was substantial only for the older group. Hence, with 
increasing age, the covariances between sensory measures, on the one hand, and fluid and 
crystallized abilities, on the other hand, tend to amplify, providing additional support to the 
dedifferentiation hypothesis, as well as to the assumption of an age-related increase of biological 
constraint upon intellectual functioning which leads to the progressive “mechanization” of pragmatic 
abilities. Provided this, several authors (e.g. Baltes & Lindenberger, 1997; K. Z. H. Li & Lindenberger, 
2002; S.-C. Li & Sikström, 2002; Lindenberger & Baltes, 1994) have formulated the so-called 
“common cause hypothesis” as an explanation of this ensemble of empirical findings 
 
 
I.1.4. THE « COMMON CAUSE HYPOTHESIS» 
The common cause hypothesis posits that the age-related dedifferentiation between cognitive abilities 
and the age-related increase of the cross-correlations between intellectual and sensorimotor 
measures are caused by a dependency of these abilities and functions upon the common underlying 
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physiological architecture of the central nervous system. The common cause, or third ill-defined 
variable, is hence ultimately linked to intrinsic aging characteristics of the brain that place constraints 
on sensory functions as well as on cognitive fluid and, consequently, on crystallized abilities. The 
common cause hypothesis is then a proposition that stands in direct line with both the theoretical 
propositions made in the framework of the lifespan theory (e.g., Baltes, 1987; Baltes, Reese et al., 
1980), and those proposed in the field of psychometrics to account for the biological grounds of 
individual and age differences in fluid intelligence (Horn, 1970), and, by extension, in factor g (Jensen, 
1998; R. J. Sternberg & Grigorenko, 2002).  
Indeed, as discussed in a previous section, the lifespan theory of human development suggests that 
with increasing age, the genetic and biological constraints ultimately determine the functional aspects 
of cognition, in addition to fairly all other aspects of the individual’s life. Hence, the common cause 
hypothesis may undoubtedly be considered as sample case of this framework specially addressing the 
issue of age-related differences in intellectual functioning and their putative biological bases. As 
concerns the propositions made in the field of psychometrics, the common cause hypothesis should 
probably be viewed as an actual outcome of a century long succession of ideas instigated with 
Galton‘s construct of eminence (Galton, 1865a, 1865b), Spearman’s construct of mental energy 
(Spearman, 1927) and more recently, Horn’s construct of anlage (Horn, 1970). These constructs, 
which need to be related to the actual construct of cognitive resources, refer to a very basic, innate, 
biologically determined and unlearned central organizing function(s) involved in the neogenesis 
(Spearman, 1927), that is, in the production of new knowledge, or new mental content, as involved in 
fluid abilities or more generally in abilities loading on factor g. 
 
To conclude on this issue, it should be mentioned that alternative hypotheses to the “common cause” 
have been proposed to account for the psychometric dedifferentiation and the increase of cognition-
sensorimotor covariances reported in old and very old age. The most prominent one, labeled “sensory 
deprivation hypothesis” (Sekuler & Blake, 1987) posits that due to an age-related decline of the 
sensorimotor functions, older adults demonstrate diminished opportunities of stimulating exchange 
with the environment hereby eventually diminishing the general level of intellectual functioning. 
Although both the “common cause” and the “sensory deprivation” hypotheses predict an age-related 
increase of the covariance between intellectual and sensorimotor functioning, three lines of evidence 
ultimately favor the “common cause hypothesis”. First, even though aging is associated with a 
deterioration occurring at the peripheral level of the ear or the eye, the sensory losses are in larger 
part accounted for by central, neural deterioration (e.g. Fozard & Gordon-Salant, 2001). Second, 
experimental manipulations consisting of sensory degradation in middle aged populations by means of 
ear covers or goggles were not associated with sizable drops in cognitive performance (Lindenberger, 
Scherer, & Baltes, 2001). Both lines of findings indeed plead against the “sensory deprivation 
hypothesis”. Third, the use of dual-task paradigms involving managing sensorimotor and cognitive 
abilities point out a larger negative impact for older adults than for younger ones, hereby suggesting 
that common attentional resources are recruited for both types of functions (e.g. K. Z. H. Li, 
Lindenberger, Freund, & Baltes, 2001) and favor the “common cause” in the form of a shared resource 
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model, also labeled “cognitive permeation hypothesis” (K. Z. H. Li & Lindenberger, 2002). Indeed, 
according to this view, interdependence between sensory and intellectual functioning arises from 
progressive resource limitations and possible compensatory reallocations, themselves accounted for 
by neurobiological losses and/or reorganizations (Cabeza, 2002; S.-C. Li, Lindenberger, & Sikström, 
2001). The “cognitive permeation” calls upon the construct of “cognitive resources” that mirror the 
aforementioned constructs of “eminence”, “mental energy” and “anlage”.  
 
I.1.5. SUMMARY  
Findings from the psychometric tradition have demonstrated that cognitive development in adulthood 
is characterized by different trends in regards of biologically-based fluid/mechanic abilities and 
cultural-based crystallized/pragmatic ones. Findings have also demonstrated an age-related 
progressive “mechanization” of the pragmatic abilities, translated by an age-related change in the 
structure accounting for the organization of human abilities. Aging is indeed associated with a 
progressive dedifferentiation of mental abilities, accompanied by a progressive increase in the 
covariances between measures of intellectual and sensorimotor functioning, both suggesting that 
advancing age is characterized by an increase of the constraints placed by biology upon cognition. 
Ultimately, the hypothesis of a common, but still ill-defined, underlying cause has been proposed to 
account for the empirical findings, at the level of both neurophysiological and cognitive processes. 
Whereas the biological characteristics of aging will be discussed as part of the Chapter III, the 
candidate “cognitive primitives” will be presented in the following section. 
 
 
I.2. THE COGNITIVE PERSPECTIVE AND THE « GENERAL 
PROCESSING RESOURCES ASSUMPTION » 
As briefly mentioned in the introduction, the cognitive perspective is characterized by the use of the 
computer metaphor to depict behavior in terms of processing components engaged between the 
sensory input and the behavioral output. Accordingly, the description and understanding of behavior, 
and thus, of the aging phenomenon, is primarily done at the level of specific processes, by means of 
comparisons between younger and older adults in specifically designed experimental tasks. The gait 
of this analytical approach is to determine the proximal locus of age differences, that is, those 
processing components that are the most age sensitive. Indeed, findings from the literature reveal that 
a vast number of processes demonstrate substantial age differences, with most of them being 
reported in tasks engaging fluid abilities. Although the analytical approach has contributed, to a large 
extent, to describe what are specific characteristics of age differences in information processing, it has 
not contributed either to explain these differences, or why and how they originated. This lack of 
explanations occurred undoubtedly because the analytical approach is associated with several 
drawbacks (Salthouse, 1991c). First, the exhaustive assessment of all relevant processes has not 
been (cannot be) performed, hence preventing to isolate crucial explanatory variables. Second, 
because the number processes or components demonstrated to be age-sensitive has proliferated in 
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the literature, parsimonious and causal explanations of the aging phenomenon has been jeopardized 
to the “benefit” of a fragmented view of cognition in old age. Third, because the analytical approach 
does not take into account the interrelated and interconnected nature of cognition, it probably fails to 
capture true developmental explanations. In order for these drawbacks to be overcome, the analytical 
approach needs to be complemented with a more global approach that assumes that the many age 
differences reported in a wide variety of situations may in fact occur as the result of the influence of 
age differences in a restricted number of factors involved in a broad array of tasks (Salthouse, 1991c). 
From a theoretical point of view, these factors are all embedded in the construct of “processing 
resources”.  
 
At a rather general level of description, cognitive resources have been conceptualized as “any internal 
input essential for processing (e.g., locations in storage, communication channels) that is available in 
quantities that are limited at any point in time” (Navon, 1984, p. 217). Usually, these resources are 
metaphorically viewed as a kind of mental energy subserving cognition and/or a mental space in which 
processing is conducted; hence their limitations are conceptualized in terms of time, energy and/or 
space (Kail & Salthouse, 1994; Roediger, 1980; Salthouse, 1985b). In the cognitive aging literature, 
these processing resources have been conceptualized into various so-called “cognitive primitives” 
(Kail & Salthouse, 1994), which are “variables meant to influence the cognitive system without being 
reducible to any other psychological construct”. Given this definition proposed by Verhaeghen, 
Cerella, Bopp, & Basak (in press), the cognitive primitives are, although fairly implicitly, considered to 
be independent one of another. However, as pointed out by Anstey (1999), and as supported by 
empirical findings from factor analytic studies discussed earlier, these cognitive primitives do indeed 
undoubtedly overlap. This point was also brought by Kail and Salthouse (1994) but at a more 
theoretical level in a discussion on the metaphors used to qualify the nature of the “mental capacity”. 
Bearing in mind the fact that the constructs may eventually have common characteristics, the present 
section aims at providing an overview of the candidates proposed as general mechanisms accounting 
for age-related changes in cognition. The first to be presented is processing speed, followed by the 
construct of working memory and constructs that reflect attentional and executive processes 
assimilated to processing capacity, either in terms of processing space or processing efficiency. 
 
I.2.1. PROCESSING SPEED 
“(…) averaged over 5 subjects, it (the response time) was of 0.154 sec; the lowest average was of 0.122 in the 
case of Mr. Place; the highest, 0.184, fell to my debit, since my age was twice that of the observers.” 
(Franciscus Cornelis Donders, 1868, "On the Speed of Mental Processes") 
 
Although quite anecdotic, the introductory quote from the 1868 research report by F.C. Donders points 
out that adult age differences in reaction time have been noticed for more than a century. Since the 
1950s, extensive work has been devised to specifically address the age-related characteristics in 
speeded behavior either assessed by means of tasks allowing to record various types of response 
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times, or time-constraint tasks permitting to index performance in terms of accuracy (see Salthouse, 
2000, for a review on this issue).  
 
I.2.1.1. AGE DIFFERENCES IN PROCESSING SPEED  
Age-related slowing has been consistently reported in many experiments, from ones using tasks 
involving simple processing such as finger tapping or simple reaction times to those using tasks calling 
upon more complex processing such as lexical access or scanning and retrieval from memory (for a 
recent review, see Madden, 2001). Age differences were also reported in tasks in which behavior was 
not directly assessed by response or reaction times, but in which time constraints were placed upon 
processing. Among these, are tasks involving simple perceptive comparisons, for which performance 
is assessed by the number of items succeeded in a given time (e.g., the Letter and Pattern 
Comparison task, Salthouse & Babcock, 1991; the Digit-Symbol Substitution task, Wechsler, 1997b; 
the Cross-Out task, Woodcock, McGrew, & Mather, 2001). De facto, in a review considering 50 
experiments using various types of measures, Verhaeghen and Salthouse (1997) reported a median 
sample-weighted correlation of r+=-.52 (range r+=-.23 to r+=-.71). These various results suggest that 
the rate at which cognitive processing is conducted is very sensitive to advancing age and that both 
peripheral/sensorimotor and central/computational components are affected (Birren, 1965; Welford, 
1959, see also Birren, Woods, & Williams, 1980). 
 
The congruency of these findings initially lead Birren and co-workers to postulate the so-called general 
slowing hypothesis (or Birren hypothesis, Birren, 1965) which states that advancing age is associated 
with a general reduction of the rate at which virtually any kind of behavior is carried out and that this 
reduction is mediated primarily by a generalized decline in the rate of a central common mechanism. 
Another influential argument in favor of a general mechanism lies in evidence showing that measures 
of processing speed are not only highly cross-correlated (e.g., Babcock et al., 1997), but share major 
parts of their age-related variance (Salthouse, 1996). As an example, considering eleven speed 
measures, Salthouse (1993) reported that, on average, about 84% of the age-related variance was 
shared. Similar findings were reported by Earles and Salthouse (1995, 63% average across 6 
measures) and Salthouse and Meinz (1995, 86% average across 14 measures).  
 
 
Appending to these findings are those further demonstrating that age differences in timed behavior are 
nonetheless more pronounced in tasks involving computational components than in tasks involving 
mainly peripheral ones (Cerella, 1985; Cerella et al., 1980). Indeed, the larger the 
computational/central task requirements, the larger the age difference in the observed measures 
(Birren et al., 1980; Cerella et al., 1980)11. The general slowing hypothesis further developed by 
 
                                                 
11 Note that it has long been revealed that, irrespective of age, the reaction times are function of the number of processing 
operations conducted (Donders, 1969/1868; Hick, 1952; S. Sternberg, 1969); the larger the number of operations, the longer the 
reaction times. 
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Cerella et al. (1980) as the complexity hypothesis found empirical demonstration by means of a large 
scale analyses of series of reaction times experiments varying in their level of complexity and 
conducted on groups of younger and older adults. These analyses were performed by comparing 
average response times of younger and older adults reported in various experimental conditions, and 
by plotting the former against the latter, as initially suggested by Brinley (1965). Doing so, the relations 
between the two sets of observations could be described by a regression function which slope 
characterizes the age-related slowing factor and which intercept depicts the age differences in the 
lesser demanding conditions. Cerella (1985; Cerella et al., 1980) and more recently Lima, Hale and 
Myerson (1991) reported that the regression functions were linear12 and associated with R2 values 
above .90, slopes greater than unity – of approximately 1.5 on average – and small, if not negative, 
intercepts13.  
 
Implications of these findings are multiple. First, the fact that a similar function describes the relations 
between younger and older adults’ reaction times brings additional evidence for an underlying general 
mechanism operating across a wide variety of tasks and situations. Second, the large proportion of 
shared variance between the observations in either age groups suggests that reaction times of older 
adults can be predicted on the basis of those of younger ones. Third, the small intercept values 
suggest that in tasks requiring few cognitive operations, younger and older adults do not demonstrate 
large differences in performance. Finally, the fact that a slowing factor of about 1.5 was consistently 
reported demonstrates that older adults are about 50% slower than younger adults to complete 
computational operations, irrespective of the task complexity. Notwithstanding, two comments should 
be made in regards of this last line of findings. First, although of 1.5 on average, the slowing factor did 
nonetheless demonstrate variability across tasks or cognitive domains (Hale & Myerson, 1996; Maylor 
& Rabbitt, 1994; Verhaeghen et al., 2002), which brought some authors to call upon age-related 
differences in other cognitive components than processing speed as an account of age differences in 
cognition (see Bashore, Van Der Molen, Ridderinkhof, & Wylie, 1997; Verhaeghen et al., in press, for 
a review). The second comment mirrors the previous one in identifying candidates alternative 
mechanisms to account for the age-cognition relation. Indeed, the fact that the age effect on reaction 
times is multiplicative rather than additive may lead to spurious Age × Condition interactions in 
analyses conducted by means of standard ANOVAs (Verhaeghen & Cerella, 2002, for a development 
of this issue). As a result, using such a methodology requires to be cautious in attributing causal 
effects to a given alternative construct, for the interaction is predicted on the sole basis of age 
differences in processing speed.  
 
 
                                                 
12 It is interesting to highlight that in the non-lexical domain, Hale et al. (Hale, Myerson, & Wagstaff, 1987) found that a non 
linear, positively accelerated power function best fitted the relation between younger and older adults reaction times. This 
suggests, along with other pieces of evidence (e.g., Hale & Myerson, 1996), that the age effects over performance are more 
pronounced in the non lexical domain than in the lexical one, possibly because the former relies more over fluid abilities, 
whereas the latter reflects in larger part crystallized ones. 
13 It is worth mentionning here that in child development, a systematic age-related decrease in reaction time was reported. 
Furthermore, as in aging, similar functions could account for the change in various types of tasks (e.g., Kail, 1986; Kail, 1988, 
1991). However, in child development, age differences were best accounted for by exponential functions than by linear ones. 
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Given these, it remains that age differences in a wide variety of tasks are related to the time needed to 
conduct central/computational operations rather than in the time needed for sensory integration or for 
motor response production. Moreover, the substantial cross-correlations of various speed measures, 
their similarity in terms of developmental trends and the systematic relations between the response 
times of individuals of different ages, provides large support in considering processing speed as an 
age sensitive general mechanism. In the gait of understanding cognitive development, however, it is 
crucial not only to demonstrated that age differences are actually reported for a given construct 
assessed by means of various tasks, but also that age differences in that candidate construct can 
account for a substantial part of the differences reported in other domains of cognition. Empirical 
findings regarding this issue are reported next. 
 
I.2.1.2. PROCESSING SPEED AS A MEDIATOR OF AGE-COGNITION RELATIONS 
Different methods can be applied to investigate the mediating effect of speed (or any kind of target 
construct) between age and cognition, the most widely used being partial correlations and methods 
based upon hierarchical regression (for further discussion, see Salthouse, 1991c, 1992b, 1996). 
Partial correlations and hierarchical regressions allow to assess the relation between age and 
cognitive variables once the variance associated with the mediator is statistically controlled for. In 
addition, methods such as path analyses and commonality analyses (Pedhazur, 1982) further permit 
to consider only the age-related variance and to assess the unique and shared effects of age upon the 
cognitive variables considered. The mediating effect of the construct of interest is reflected by a 
substantial reduction of the age-related variance in cognition when the variance associated with the 
mediator is controlled for, or the demonstration that a substantial amount of the age-related variance 
in cognition is not unique to age, but shared with the mediator.  
 
In a review of six studies examining the relation between age, perceptual comparison speed and fluid 
cognition, Salthouse (1993) reported that controlling for speed reduces drastically the proportion of 
variance accounted for by age in tasks assessing fluid and reasoning abilities such as the Raven 
Progressive Matrices, completion and geometric analogies, paper folding, or the cube assembly. As 
reported, the percent reduction of the age-related variance across the 45 variables varied between 
20.3% and 99.5%, with a median of 82.9%. Similarly, Kail and Salthouse (1994) reviewed 5 different 
studies in which the age-related variance in Matrix Reasoning was investigated. On this particular 
task, the percent attenuation after statistical control of perceptual speed was also consequent and 
varied between 82.1% and 90.8%.  
In the memory domain, including both long-term and working memory, Salthouse (1996) also reported 
that a large proportion of age-related variance was shared between age and speed. Indeed, findings 
from the 30 studies reviewed revealed that, on average, 77% of the age-related variance in memory 
performance was reduced after control of perceptual comparison speed, and 50% after statistical 
control of reaction time measures. Such a differential pattern was also reported by Salthouse (1993) in 
an experiment specifically devised to address this issue. The study was conducted considering, motor 
and perceptual comparison speed, on the one hand, and fluid cognition and memory performance, on 
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the other hand. Results revealed that the reduction of the age-related variance in both fluid cognition 
and memory was larger with perceptual comparison speed measures (median of 88%, computed 
across 10 variables) than with motor speed (median of 57%). Salthouse additionally demonstrated, by 
means of path analyses, that perceptual speed mediates the relation between age and both fluid 
cognition and memory, whereas motor speed mediates the relation between age and perceptual 
speed on the one hand, and age and cognition on the other hand. Motor speed did not, however, 
mediate the relation between age and memory. Ultimately, whereas age did not show any direct effect 
upon fluid cognition, it did for memory, hence suggesting that the age-related decline in performance 
in the tasks considered (i.e. serial recall and paired associates) was not entirely mediated by speed.  
 
All together, these findings from almost countless cross-sectional studies gave substantial support in 
considering processing speed as a general mechanism accounting for age differences in cognition. 
Recently, and based on the numerous convergent empirical results, Salthouse (1996) proposed a 
processing speed theory of age differences in cognition, which is outlined in the next section. 
 
I.2.1.2.1. PROCESSING SPEED THEORY OF AGE DIFFERENCES IN COGNITION 
The cardinal assumption of this theory is that processing speed, defined as the rate at which 
elementary cognitive operations are carried out, is a major factor contributing to age-related 
differences in cognition both in early and late development (see also Kail & Salthouse, 1994). 
Furthermore, processing speed is conceived as imposing limiting constraints over cognitive 
processing by means of two distinct mechanisms: the limited time mechanism and the simultaneity 
mechanism. The first relates to the time available to complete successfully cognitive processing and 
the second relates to the amount of information that is simultaneously available for higher processing. 
When processing speed is reduced, the pace of relevant cognitive operations is too slow to complete 
processing successfully, mainly because part of the available time is occupied by the execution of 
early operations. This limited time mechanism is particularly relevant when external time limits are 
imposed, or when concurrent processing demand is required. It is meant to account for the complexity 
effect. In addition, when processing speed is reduced, a lesser amount of information may be 
simultaneously available for ongoing processing because part of the early processing may be lost, 
have become degraded, inaccurate or obsolete by the time later processing is completed. The 
cardinal feature of this mechanism is the rate at which information is activated rather than the rate at 
which it decays. Processing speed reduction in simultaneous activation rate also implies that the 
dynamic processing capacity will be affected because not all relevant information may be available 
when needed. As a result, either broad (quantitative) or catastrophic (qualitative) failures in 
performance may occur. This simultaneity mechanism is particularly relevant in working memory 
tasks, in which information needs to be temporarily held in an active, easily retrievable state. Indeed, 
processing speed was shown to account for a substantial part of the age-related variance in working 




General perspectives on cognitive aging 
 22
I.2.1.2.2. LIMITS IN CONSIDERING PROCESSING SPEED AS A COGNITIVE RESOURCE  
Although very convincing, the proposition of considering processing speed as a cognitive resource 
accounting for cognitive development holds general limits. There are in the number of two.  
 
The first is the fact that the mediating effect of processing speed between age and cognition is largely 
reduced when intra-individual change is considered. As an example are the findings from an 
experiment reported by Schaie (1989) and carried out on data acquired in the 1977 and 1984 testing 
waves of the Seattle Longitudinal Study. In this report, both cross-sectional and longitudinal analyses 
were performed on a total sample of 1838 individuals among which 1420 participated to the first test 
occasion, 838 were included in a 7-years follow-up, and 628 individuals were newly included at the 
second test occasion. Participants received two tasks of perceptual speed (Identical Picture Test and 
Finding A's, Ekstrom, Freed, Harman, & Derman, 1976) and tasks assessing five Primary Mental 
Abilities (Verbal Meaning, Spatial Orientation, Inductive Reasoning, Number and Word Fluency, 
Thurstone, 1949, see also Schaie, 1985). Analyses conducted at the cross-sectional level provided 
findings comparable to those mentioned earlier, with significant age-related differences in the 
processing speed performance and substantial drop of the age-cognition relations once the variance 
associated with speed was partialed out.  
However, analyses performed to assess the individual change over the 7-years time lag demonstrated 
a somehow different picture. First, the correlations between the scores measured on the two 
occasions were not significant, demonstrating that performance at the first occasion does not predict 
performance at the second one. Second, a large majority of the individuals (approx. 75% of the 
population, and fairly irrespective of the age group) did not show any significant decrement from the 
first to the second test occasion in either task. The pattern was slightly different when considering the 
factor score, for the percentage of individuals demonstrating no significant change dropped from age 
50 onwards. It remained, however, that at least 50% of the individuals showed a relative stability of 
performance even in the oldest age group (aged 80 and above). Finally, the results revealed that 
processing speed did not account for cognitive changes in the cognitive abilities considered (to the 
exception of Word Fluency, and only for women). Thus, whereas processing speed accounts for age-
related differences in cognition, it does not account for intra-individual change.  
These discrepancies of findings highlighted by Schaie (1989) have been subsequently replicated in 
various longitudinal studies (e.g., Elias, Robbins, & Elias, 1996; Hultsch, Hertzog, Small, McDonald-
Miszczak, & Dixon, 1992; Sliwinski & Buschke, 1999; Zimprich, 2002; Zimprich & Martin, 2002) and 
commonly attributed to two distinct causes. On the one hand, an overrating of the mediating effect of 
speed in cross-sectional studies partially due to a stable, age independent, relation between 
processing speed and intellectual abilities (Lindenberger & Pötter, 1998; Sliwinski & Buschke, 1999; 
Zimprich, 2002). On the other hand, an underestimation of the mediating effect in longitudinal studies 
due to a reduction of the variance in the cognitive change resulting from attrition and practice effects, 
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The second limit in considering processing speed as a cognitive resource accounting for cognitive 
development is the fact that even in cross-sectional studies, age sometimes pervasively accounts for 
differences in cognition after processing speed has been partialed out. This was the case in the 
Salthouse (1993) study described earlier, in which age accounted for a significant and speed-
independent part of variance in memory performance. Other authors further suggested that age-
related effects on cognition – particularly when complex tasks are considered – are better accounted 
for by models considering two distinct mediators, namely processing speed and working memory (e.g., 
Kliegl, Mayr, & Krampe, 1994; Mayr & Kliegl, 1993; Park et al., 1996). Finally, there were 
demonstrations reported in the literature showing that in tasks involving the active maintenance of 
distinct mental sets, such as global task switching or dual tasks (Verhaeghen, Steitz, Sliwinski, & 
Cerella, 2003), age-related differences could not be accounted solely by processing speed (for a 
review, see Verhaeghen & Cerella, 2002; Verhaeghen et al., in press). Claims were made that in 
these particular cases, age differences occur at the level of an overhead cost or set-up charge 
imposed by the task, independently of age differences expected solely by the slowing hypothesis (for 
a further discussion of this issue, and in relation to additive and multiplicative age-related complexity 
effects, see Verhaeghen & Cerella, 2002; Verhaeghen et al., 2003). Ultimately, these age differences 
in the task overhead costs were attributed to age-related differences in cognitive, executive control.  
 
To conclude on this issue, it should be stated that although age-related differences in processing 
speed account for age-differences in a wide variety of cognitive tasks, other mediators – or general 
processing resources constructs - need be additionally considered. Various alternatives have been 
suggested, which may all be gathered together under the generic term of processing capacity.  
 
 
I.2.2. PROCESSING CAPACITY 
“When the things are apprehended by the senses, the number of them that can be attended to at once is small, - 
Pluribus intentus, minor est ad singula sensus." 
(William James, 1890, The Principles of Psychology) 
 
At a first descriptive level, processing capacity is usually depicted by two distinct, although not 
exclusive, concepts. The first refers to capacity as a mental space where relevant information can be 
temporarily maintained, sort of a “warehouse” where “goods” can be stored and eventually 
manipulated. The second refers to capacity as a mental energy available to select and activate 
relevant information, ignore irrelevant ones and conduct cognitive operations, sort of a fuel for the 
system. In a fairly large sense, the former mainly sends to the idea of memory, while the later may be  
primarily linked to attentional processes. 
 
Yet, space and energy are not exclusive alternatives to account for capacity and several authors (e.g., 
Baddeley, 1986; Pascual-Leone, 1976; Salthouse, 1990) have argued that capacity reflects indeed 
both storage space and processing efficiency. These perspectives call upon the construct of working 
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memory, a limited functional system or set of processes responsible for simultaneous maintenance 
and processing of information during ongoing cognitive activities (Baddeley, 1986; Baddeley & Hitch, 
1974; Shah & Miyake, 1999). Given the proposition made above, working memory may be conceived 
as a construct that lies between memory and attention, although controversies remain in regards of its 
nature, structure and functions (Shah & Miyake, 1999). Nonetheless, and cardinal to the present 
purpose, working memory has proven a useful construct in accounting for developmental changes in 
cognition, both in earlier (e.g., Case, Kurland, & Goldberg, 1982; Pascual-Leone & Ijaz, 1989) and in 
later part of the lifespan (e.g., Salthouse, 1990).  
 
Aside from working memory, taken as a general resource, age-related differences in diverse broad 
functions or processes have been proposed to account for age-related differences in cognition. These 
functions are inhibition, coordination, planning, updating and switching. In the cognitive psychology 
literature, these functions have been recently referred to as “cognitive primitives” (Verhaeghen et al., 
in press), and mirror, at least to a certain extent, the various “executive functions” described in the field 
of neuropsychology (Miyake et al., 2000; Rabbitt, 1997a; Stuss & Alexander, 2000). In addition, these 
functions are also considered in the theoretical models of working memory that integrate attentional 
control processes (e.g., Baddeley, 1986; 1996a; see also Miyake & Shah, 1999). Again, it makes it 
obvious that the distinction between different constructs, mechanisms or processes is not always clear 
and depends in large part upon the theoretical position adopted. However, the choice of 
distinguishing, at this point, working memory as a general construct from distinct attentional processes 
(or cognitive primitives) is deliberate and empirically driven. It allows to report findings from the 
literature relevant to the present purpose, before discussing the theoretical frameworks in which the 
results may be conceived, as will be done in Chapter II. 
 
 
I.2.2.1. WORKING MEMORY  
The construct of working memory was popularized Baddeley and Hitch to characterize a limited 
memory system responsible for the temporary maintenance and processing of information during 
ongoing cognitive activity (Baddeley & Hitch, 1974, see also Baddeley, 1986). Functionally, working 
memory refers to the specific ability to keep items of information in an easily and selectively retrievable 
state, for short durations, and while the same or other information is processed or manipulated 
(Jenkins, Myerson, Hale, & Fry, 1999; Oberauer & Kliegl, 2001). Over the years, this construct has 
gathered growing impact in different fields in psychology. Of particular interest to the present concern, 
working memory has been considered as a cardinal construct accounting for both age (e.g., Pascual-
Leone & Ijaz, 1989; Salthouse, 1990) and individual differences (Kyllonen & Christal, 1990; Miyake, 
2001; Richardson et al., 1996; Schroger, Mecklinger, & Pollmann, 2004) in cognition14.   
 
                                                 
14 Although different theoretical models of working memory have been proposed (see Miyake & Shah, 1999, for a review), their 
specificities will not directly be addressed in this section, for the controversies found in the literature are not relevant in regards 
to the general perspective of the issue discussed here. However, some of the theoretical propositions will be presented in the 
chapter dedicated to the theoretical perspectives on attentional control. 
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I.2.2.1.1. WORKING MEMORY AS A GENERAL POOL OF RESOURCES 
There is a rather large consensus on the fact that working memory tasks differ from short-term 
memory ones because they require not only to temporary store information, but also to actively 
process and manipulate it (Baddeley, 1986; Conway et al., in press; Salthouse, 1990). Hence, tasks 
such as the Counting Span (Case et al., 1982), the Reading Span (Daneman & Carpenter, 1980) and 
the Computation Span (Turner & Engle, 1986, 1989a) are typically used to assess working memory 
capacity. In these tasks, participants are presented with series of successive trials involving 
processing (count squares in a visual display, read sentences or compute simple operations), and 
temporary store either the processing outcomes (i.e. the number of squares, ending words or equation 
results) or simple information that is provided at the end of each processing trial (e.g. (3 x 4) + 11 = ?, 
followed by "apron", as in Turner & Engle, 1989a, Digit-Word Span task). At the end of each series, 
participants are required to recall the information that was maintained in an incremental manner 
across the constituting item trials. Other examples of working memory tasks are the Alphabet Span 
(Waters & Caplan, 2003) or the Backwards Digit Span (Bindschaedler, 1985; Wechsler, 1997c) in 
which series of words, respectively digits, need to be temporarily stored and subsequently rearranged 
in a given order before recall. Similarly, the Subtract-2 task (Salthouse, 1988b; Waters & Caplan, 
2003) requires the participant to subtract 2 from each digit in a series for recall to be correctly 
achieved. Finally, tasks such as the N-back task (Dobbs & Rule, 1989; Welford, 1958), the Running 
Memory task (N. Morris & Jones, 1990), the Running Item task (Parkinson, 1980) and the Keeping 
Track task (Salthouse, 1995; Zacks, 1982) require to continuously process lists of items in order to 
retrieve, at any point in the list, a previously presented item that has some relationship to the item 
currently being presented15.  
 
Although these tasks may appear rather different in regards to the type, and to the amount, of 
processing required, as well as in the nature of the information to be temporarily maintained, they 
nonetheless all require to actively manipulate and store information to achieve the task goals. And 
above and beyond this apparent variety, there is evidence in the literature showing that they all 
engage a common pool of resources that is independent of the task content.  
 
Indeed, results from experiments conducted on young adults who received working memory tasks 
varying in the type of processing required and the nature of the information to be stored revealed 
substantial and significant correlations among them. As an example, Turner and Engle (1989a, 
Experiment 1) conducted an experiment in which 243 college students were provided with four 
working memory tasks that required either to compute simple arithmetic operations or to read 
sentence, and simultaneous maintain either words or digits. In this experiment, significant correlations 
ranging from .38 to .58 were reported. In a second experiment, in which the complexity of sentence or 
computation processing was manipulated, the analyses yield comparable results showing that across 
                                                 
15 The reader could notice that fairly all the tasks given as example in this section involve manipulation and storage of 
linguistically based information. Yet, a wide variety of tasks call upon the manipulation and storage of visuo-spatial information 
(for a review, see Jouffray, 2005; Lecerf, 1998). However, given that visuo-spatial tasks demonstrate large inter-studies 
variations in the design, they were purposely not presented as examples. 
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15 possible correlations, 12 were highly significant and ranged between .37 to .71 (Turner & Engle, 
1989a, Experiment 2). Similarly, Engle, Tuholski, Laughlin and Conway (1999) reported significant 
correlations ranging between .32 and .51 between the Reading Span, the Computation Span and 
Operation Span tasks on a population of 133 college students.  
 
In older populations, high correlations were also reported across working memory tasks. Light and 
Anderson (1985) found correlations of .27 and .33 in two studies in which the relationship between the 
Backward Digit Span and the Reading Span in elderly subjects aged 56 to 80. Salthouse (1988b) 
reported average correlations of about .40 between the Backward Digit Span, the Missing Item Span, 
the Subtract-2 Span, and the Computation Span. Likewise, but on larger elderly population samples, 
Park and colleagues found correlations between the Backward Digit Span task, the Reading Span 
task, and the Computation Span task from .42 to .63 in one study (Park et al., 1996) and from .46 to 
.62 in another (Park et al., 2002).  
 
All together, these findings suggest that, irrespective of the age population considered, the various 
tasks that require to simultaneously process and store information call upon a general pool of 
resources, characterized by the construct of working memory. To further ascertain that this construct 
may account for age differences in cognition, evidence needs to be brought both for the actual 
existence of age differences in working memory performance and for the mediating effect of working 
memory between age and cognition. These issues are presented next. 
 
 
I.2.2.1.2. AGE DIFFERENCES IN WORKING MEMORY  
There is fairly good agreement on the fact that older adults perform less well than younger ones in 
working memory tasks (for a review, see Craik & Jennings, 1992; Salthouse, 1990). Indeed, age-
related differences in performance were consistently reported on a multitude of tasks, irrespective of 
their content.  
 
Hence, in tasks with verbal content, age differences were reported in tasks such as the 
Reading/Listening Span (e.g., de Ribaupierre, Lecerf, Leutwyler, & Poget, 1997; Gick, Craik, & Morris, 
1988; K. Z. H. Li, 1999; Light & Anderson, 1985; Schelstraete & Hupet, 2002; Waters & Caplan, 2001, 
2003; Wingfield, Stine, Lahar, & Aberdeen, 1988), the Computation/Operation Span (e.g., Babcock & 
Salthouse, 1990; Hambrick & Engle, 2002; Morra, Vigliocco, & Penello, 2001; Salthouse, Mitchell, 
Skovronek, & Babcock, 1989; E. E. Smith et al., 2001), the Alphabet Span (e.g., Belleville, Rouleau, & 
Caza, 1998; Waters & Caplan, 2003), the Substract-2 Span (e.g., Waters & Caplan, 2003), the 
Backwards Digit Span (e.g., Grégoire & van der Linden, 1997; Morra et al., 2001; Myerson, Emery, 
White, & Hale, 2003; Waters & Caplan, 2003), the Running Memory task (e.g., van der Linden, 
Brédart, & Beerten, 1994), or various versions of the verbal N-back task (Jonides et al., 2000; Pelosi & 
Blumhardt, 1999; Reuter-Lorenz et al., 2000; Reuter-Lorenz et al., 2001; Verhaeghen & Basak, 2005).  
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As concerns visuo-spatial contents, the findings are also rather consensual and demonstrate 
significant age-related reductions in performance in tasks requiring to temporary store and actively 
manipulate pieces of visual images (e.g., Vecchi & Cornoldi, 1999), objects shapes (e.g., J. Chen, 
Hale, & Myerson, 2003) or spatial locations (e.g., J. Chen et al., 2003; de Ribaupierre et al., 1997; 
Morra et al., 2001; Vecchi & Cornoldi, 1999). Findings also demonstrate that younger adults 
outperform older ones in tasks applying the N-back paradigm either to spatial locations (e.g., Hartley, 
Speer, Jonides, Reuter-Lorenz, & Smith, 2001, Experiment 2; Jonides, Smith, Koeppe, Awh, & 
Minoshima, 1993) or to object identity (e.g., Hartley et al., 2001, Experiment 3). 
 
Given these somewhat ubiquitous age difference, questions were raised about their locus and several 
authors (e.g., Kausler, 1994; Salthouse, 1990) proposed that age differences in working memory 
performance may arise either from an age-related reduction in storage capacity, an age-related 
reduction in processing capacity and/or an age-related reduction in the coordination between storage 
and processing. Diverse experimental procedures have been applied to investigate these issues and 
these are discussed next.  
 
 
I.2.2.1.2.a. The locus of age differences in working memory  
Studies devised to evaluate storage capacity mainly used short-term memory tasks, involving 
temporary maintenance of lists of digits, letter or words, positions in space or sets of images, without 
any requirements to manipulate the information. From this view, capacity is meant as the number of 
bits of information that can be temporarily stored and maintained in an easily retrievable state. Ideally, 
bits of information should consist in single units, but chunked units can also form a bit (the possibility 
of chunking indeed constitutes an “annoying” drawback in measuring capacity because it relies on 
strategies often difficult to control for). There is no definite consensus on the average number of bits 
that can be temporarily stored and whereas some proposed an average of 7 bits (G. A. Miller, 1956), 
others argued that the average was rather smaller and approximated 4 (e.g., Case et al., 1982; 
Cowan, 2001). Either ways, the maximum “magical number” of bits of information that can be held 
temporarily available is fairly limited and hence, constrains processing. As such, passive storage 
capacity may be considered by itself, as a general processing resource.  
As concerns this particular aspect, results reported in the literature in regards of age differences tend 
to support an age-related decline in the short-term passive store. Although not always significant (e.g., 
Craik, 1977), age differences were reported in almost all studies and slightly smaller storage capacity 
was reported for older adults as compared to younger ones (e.g., Grégoire & van der Linden, 1997; 
Myerson et al., 2003). In a review of the literature on this issue, Kausler (1994), pointed out that the 
age-related loss in performance for digit recall averaged less than 10%, was of about 16% for letters, 
22.9% for high frequency words and 17.5% for low frequency words. A similar pattern was observed 
using a correlational approach, with small but often reliable age effects. As an example, Salthouse and 
Babcock (1991) conducted two experiments in which they provided the participants (aged 
approximately 20 to 80) with a Digit and a Word Span tasks. Correlations between age and the 
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measures of short-term memory were of -.34  and -.18 for the Digit Span and of -.42 and -.32 for the 
Word Span, (respectively for Experiment 1 and 2). Similarly, Myerson et al. (2003) reported 
correlations of -.27 for the Digit Span and -.40 for a Sequential Spatial Span. Finally, it should be also 
noted that some findings suggest that aging is associated with a larger decrease of short-term recall 
for visuo-spatial than for verbal information (e.g., Jenkins, Myerson, Joerding, & Hale, 2000; Myerson 
et al., 2003). However, other studies (e.g., Salthouse, 1995; Salthouse, Kausler, & Saults, 1988) failed 
to demonstrate such a differential effect, with an age-related decrease in performance comparable for 
both types of content. Overall, although the findings appear not to be fully consensual, they 
nonetheless tend to demonstrate that there is a small, but fairly reliable, age-related decrease in 
passive storage capacity.  
 
Studies that investigated age-differences in the processing components of working memory mainly 
relied on comparisons between tasks that require fairly no processing at all and tasks requiring 
processing, to various extends16. The rationale underlying this procedure follows the theoretical 
proposition made initially by Welford almost fifty years ago (Welford, 1958), and further developed by 
Craik and colleagues (Craik, 1977; Craik & Byrd, 1982; Craik & Rabinowitz, 1984; Gick et al., 1988; R. 
G. Morris, Gick, & Craik, 1988), usually referred to as the “processing resource reduction hypothesis”. 
In essence, these authors suggest that older adults show an age-related reduction in a general pool of 
processing resources on which to draw to execute the mental operations required in working memory 
tasks, and to a larger extent, in tasks assessing fluid cognition (Craik & Byrd, 1982). In connection with 
this proposition, Craik and Rabinowitz (1984) further argued that aging is specifically associated with 
an impairment of a central processor, rather than at the level of the storage capacity per se17. Hence, 
because older adults have lesser available processing resources, they are more readily exceeded 
when demand is increased. Empirically, Craik et al.’s hypothesis implies that the larger the processing 
demand of the tasks, the larger the expected age differences in performance. This effect is often 
referred to, by extension, to the Age × Complexity interaction (that actually refers to the predicted 









                                                 
16 According to Vecchi and Cornoldi (1999) among others, all cognitive tasks require at least some processing. Hence, they 
propose to distinguish passive and active tasks rather than tasks that do or do not engage processing. Accordingly, passive 
tasks engage passive storage and/or perceptivo-motor processing, while active tasks engage deliberate manipulation of 
information. 
17 Note that the hypothesis proposed by Craik and Rabinowitz (1984; but see also Gick et al., 1988; R. G. Morris et al., 1988) 
formulated in regards of memory performance mirrors that proposed by Cerella et al. (1980) on the basis of timed experiments. 
Indeed, both call upon age-related deficits affecting primarily the efficiency of a central processor. 
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Empirically, the processing resource reduction hypothesis may be assessed various ways. The most 
straightforward one is the comparison between performances in the so-called simple and complex 
span tasks (Conway et al., in press). Simple span tasks are indeed short-term memory tasks and 
complex span tasks refer to similar tasks in which additional processing is interleaved. Examples of 
such task pairs are Digit Span and Computational Span, or Word Span and Reading Span. In these 
examples, participants are required to recall lists of digits (respectively words) either alone or 
interspersed with a processing component consisting in solving equations (respectively making 
statement about sentences). Additional manipulations of processing can be further introduced by 
varying the number of computations embedded in the equations or by varying the grammatical 
complexity of the sentences. Another mean to assess the processing components is the use of dual-
task paradigms. Although somehow artificial, the distinction between the aforementioned procedure 
and the dual-task one resides in the fact that in dual tasks paradigms, processing is specifically 
involved in the coordination of two simple, passive tasks. Performance comparison is conducted 
between tasks either performed alone (i.e. single condition) or concurrently (i.e. dual condition). 
However, the distinction between the two procedures is seemingly artificial because both complex 
span tasks on the one hand, and dual tasks on the other hand, require to divide attentional resources 
among concurrent cognitive activities (e.g., Baddeley, 1996a; Craik & Jennings, 1992; McDowd & 
Shaw, 2000; Salthouse, 1985b).  
 
In the gait of assessing age differences in processing resources engaged in simple and complex span 
tasks, Babcock and Salthouse (1990, Study 3) devised five number-span tasks that differed in their 
processing requirements. The tasks consisted in serial and simultaneous presentation of numbers 
followed by recognition (tasks 1 and 2) or by recall (tasks 3 and 4), and in task in which individuals 
were presented with series of arithmetic problems to respond to while remembering the last number in 
the problem (task 5). The assumption was that processing requirements increased from task 1 to task 
5. The results demonstrated that, although performance decreased as a function of the task 
processing demand, older adults were not more hampered than their young counterparts by the 
experimental manipulation. According to the theory, the findings were unexpected. Hence, Babcock 
and Salthouse (1990) conducted a small scale meta-analysis to confront their results to those reported 
in 19 studies, among which two contrasted performance in Digit and Computation Span, three 
contrasted Word and Reading Span and fourteen contrasted Forward and Backward Digit Span. To 
assess the effect of increased demand in working memory tasks, as compared to short-term memory 
tasks, the authors computed processing cost scores by study and age group as the average 
performance in the complex span task over the average performance in the simple span task (C/S 
ratio). They conducted a t-test on the two sets of scores which revealed that older adults had larger 
processing costs than their younger counterparts. Babcock and Salthouse (1990) also computed a 
ratio score meant to assess the age difference in both the simple and complex span tasks. This ratio 
was computed separately for each study as the average performance of the younger adults divided by 
the average performance of the older ones (Y/O ratio). A t-test performed on the two sets of ratios 
yield a significant result indicating that age differences were larger for complex span tasks (i.e. larger 
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Y/O ratio values) than for simple span ones. Taken as a whole, the outcome of the meta-analysis 
reported by Babcock and Salthouse (1990) suggests that older adults demonstrate larger performance 
impairment than younger adults in tasks involving both processing and storage, although age 
differences are already present in tasks assessing only storage. Hence, the authors concluded that 
“both the storage and the processing components seem to contribute to age-related differences in 
working memory (p.426).”   
Similar findings were reported by Craik and colleagues (Gick et al., 1988; R. G. Morris et al., 1988) 
who conducted two experiments in which experimental variations were introduced in a Reading Span 
test to manipulate the resource demand of the task. Indeed, they manipulated the grammatical 
complexity of the phrases by providing the participants with positive (less complex) and negative 
(more complex) sentences. They also manipulated the memory load by varying the number of 
sentences presented in the series and provided the participants with both paced and unpaced 
versions of the task. Ultimately, they compared the performance in the Reading Span task with the 
performance in a Word Recall task in which no processing was required. In both studies, the results 
revealed that older adults demonstrated a significantly lower performance than younger ones, both in 
the short-term and the working memory task. Contrary to the authors’ predictions (and to the results of 
the meta-analysis reported by Babcock & Salthouse, 1990), older adults were not more hampered 
than younger ones in the Reading Span, as compared to the Word Recall. In other words, older adults 
were not more penalized than younger ones by the divided attention condition. However, within the 
working memory task itself, the effect of grammatical complexity was larger for older adults than for 
their younger counterparts. As compared to positive sentence, negative ones were associated with 
longer response latencies and higher verification error rates, and these differences were larger for 
older than for younger adults. Gick et al. (1988) hence concluded that “… older adults have greater 
difficulty with the ongoing processing aspects of working memory tasks, and thus, they are less able to 
add additional words to the rehearsal loop, especially when complex sentences are presented (p. 
360). “  
Finally, studies were conducted to investigate specifically the processing component aspect of working 
memory by first equating individuals upon their passive storage capacity. This experimental procedure 
allows to control for individual and age differences in the initial storage capacity and specifically 
assess the processing component that underlies task coordination. Belleville, Rouleau and Caza 
(1998) were among those who applied this procedure. They provided their participants with a Word 
Span task to initially assess the individual storage capacity and further administered an Alphabetical 
Span task either at span-1 (Experiment 1) or at span+1 (Experiment 2). In the latter task, participants 
were provided with series of words, as in the Word Span task, but they were required to manipulate 
the information in order to recall the words in the alphabetical order. The results demonstrated that 
although older adults had lower scores than younger ones in the Word Span task, they were not more 
hampered than younger when processing was required. Similar findings were reported by Baddeley 
and colleagues with a slightly different approach (Baddeley, Bressi, Della Salla, Logie, & Spinnler, 
1991; Baddeley, Logie, Bressi, Della Salla, & Spinnler, 1986). Indeed, they provided their participants 
concurrently with a Pursuit task and a Digit Span task, both initially adapted to individual performance. 
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Predictions were that if some individuals demonstrate a specific impairment in coordination, then 
differences should be found in the ability to conduct the two tasks simultaneously. The results failed to 
support an age-related decline in coordination. Older adults demonstrated comparable performance 
as their younger counterparts in the dual situation.  
 
To conclude this section of age differences in working memory, some general points should be made 
to briefly sum up this ensemble of findings. First, age differences were reported in storage capacity, as 
assessed by short-tem memory tasks. Second, although fairly appealing, Craik’s hypothesis of an 
age-related reduction at the level of processing resources in working memory found little direct 
empirical support from individual studies, especially as far as comparisons between short-term and 
working memory tasks were concerned. Finally, studies devised to specifically assess the processing 
component of working memory by equating the capacity also failed in many cases to demonstrate 
larger coordination costs for older adults than for younger ones. Hence, two conclusions should be 
drawn at this point. First, and this was suggested by Salthouse and Babcock (1990) “both the storage 
and the processing components seem to contribute to age-related differences in working memory 
(p.426).”  Second, the effects of different processing complexity manipulations calls upon the need for 
finer analysis of the tasks to isolate specific processing components that may demonstrate larger age-
related sensitivity than others. Several candidates have been proposed, and these will be reviewed in 
the section dedicated to attentional and executive functions. Before we turn to this issue, some of the 
findings supporting the role of working memory as a general resource accounting for age-related 
decrease in cognition will be reviewed. Indeed, the fact that no consensual conclusion has been 
reached in regards of the locus of age differences in working memory does not prevent from 
considering it as a mediator of age-cognition relations. To the contrary, many findings suggest that 
working memory plays a cardinal role as a factor accounting for age-related differences in cognition. 
 
 
I.2.2.1.3. WORKING MEMORY AS A MEDIATOR OF AGE-COGNITION RELATIONS 
Because working memory is meant to play an important role in various cognitive activities and 
because many convergent findings demonstrate that age is associated with a reduction in working 
memory capacity, the age-related decline in that capacity has been assumed to mediate age-cognition 
relations (Salthouse, 1992b). Indeed, findings from the literature provide substantial support to this 
assumption in a variety of cognitive domains. These include reasoning (see Salthouse, 1992b, for a 
review), language processing (see Wingfield & Stine-Morrow, 2000, for a review), retrieval from long- 
term memory (see Park, 2000, for a review), declarative learning (e.g., Kirasic, Allen, Dobson, & 
Binder, 1996), procedural assembly (e.g., Morrell & Park, 1993) and executive functioning (e.g., 
Hartman, Bolton, & Fehnel, 2001). 
 
As concerns reasoning abilities, examples can be found in a series of three studies carried out by 
Salthouse (1991a). In the first one, reasoning was assessed by means of Raven’s Advanced 
Progressive Matrices (Raven, 1998) and the Shipley Abstraction Test (Shipley, 1986), both involving 
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series of completion items. In the remaining two studies, four reasoning tasks were used: Paper 
Folding (Salthouse et al., 1989) in which displays of 1 to 3 successive folds of paper are presented, 
followed by representation of a hole punched through the folded paper and a pattern of holes in an 
unfolded paper; Integrative Reasoning (Salthouse et al., 1989) in which sets of 1 to 3 premises are 
presented, followed by a question asking about the relations between terms described in the 
premises; Cube Assembly (Shepard & Feng, 1972), in which six squares comprising a cube are 
displayed, with two squares containing an arrow and the task is to decide whether the arrows would 
touch if they were assembled into a cube; And Geometric Analogies (Mulholland, Pellegrino, & Glaser, 
1980), in which 1 to 3 symbols are displayed in each of four squares, and the task is to decide whether 
the transformation that was carried out from the first to the second square is the same as that 
performed from the third to the fourth square. In all three studies, processing speed was assessed by 
means of the Letter and Pattern Comparison tests, while working memory was evaluated with 
Computation Span and Listening Span tasks. In each of the three studies, composite scores of the 
constructs of interest (i.e. reasoning, speed and working memory) were computed. Results 
demonstrated a significant age-related decline in reasoning ability (R2AGE of .305, .169 and .255, for 
each study respectively). However, step-wise regression procedures revealed that almost all age-
related variance in reasoning was accounted for by working memory and processing speed. In 
addition, results from path analyses suggested that, although processing speed accounted for 
substantial age-related variance in both working memory and reasoning abilities, part of the age-
related variance in cognition was accounted for by working memory independently of processing 
speed. Comparable conclusions were drawn by Mayr and Kliegl (1993, see also Kliegl, Mayr, & 
Krampe, 1994) who found that processing speed and working memory were differentially involved in 
accounting for age-related differences in a Figural Transformation task, depending on the type of 
complexity in the task. Indeed, processing speed was shown to account mainly for sequential 
complexity (i.e. the rate at which simple information processing steps are conducted), while working 
memory was a better predictor of the age-related variance when coordinative complexity (i.e. the 
ability to coordinate processing steps) was required. Finally, it should be mentioned that several 
studies in which processing speed was not considered, also brought supporting evidence for the 
mediating effect of working memory between age and reasoning tasks (Paper Folding, Geometrical 
Analogies, Integrative Reasoning, e.g., Salthouse, 1985b, 1991c; Salthouse et al., 1989, or 
Syllogisms, e.g., Gilinsky & Judd, 1994).  
 
In the field of language processing, the mediating effect of working memory between age and 
language abilities appears less clear-cut, with some findings supporting this assumption (e.g., van der 
Linden, Hupet et al., 1999) and others not (e.g., Kwong-See & Ryan, 1995). As an example, Kwong-
See and Ryan (1995) provided younger and older participants with sentence and text comprehension 
tasks as well as with a text recall task. They used a structural equation modeling approach which 
yields results showing that although working memory accounted for language processing, its age-
related variance was itself mediated by inhibition and processing speed. To the contrary, van der 
Linden, Hupet et al. (1999) reported that the contribution of processing speed and inhibition were 
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indirect and mediated working memory. These authors suggested that the discrepancy of findings 
could reside in the type of measures used to assess language processing, with some emphasizing 
direct comprehension (as those used by Kwong-See & Ryan, 1995) while the other emphasizing 
delayed comprehension (as those used by van der Linden, Hupet et al., 1999). DeDe et al. (2004) 
conducted a study in which the two aspects of language processing were simultaneously assessed. 
These authors provided younger and older participants with tasks of on-line (i.e. direct) syntactic 
processing and off-line (i.e. indirect) text comprehension, in addition to the Nelson-Denny Reading 
Comprehension Test (Nelson & Denny, 1962) used as a global measure of text comprehension. 
Working memory was assessed by means of three tasks: the Alphabet Span, the Substract-2 Span 
and the Sentence Span, a variant of the Reading Span. Structural equation modeling was employed to 
assess the mediating effect of working memory between age and each of the three language 
processing constructs (i.e. direct, indirect and general comprehension). The results were in agreement 
with the assumption of van der Linden, Hupet et al. (1999) showing that working memory capacity 
entirely mediated the effect of age on indirect comprehension – and on performance in the Nelson-
Denny – but did not mediate the effect of age upon on-line (de facto, performance in on-line syntactic 
processing did not even demonstrate significant correlations with age, replicating findings already 
reported by Waters & Caplan, 2001). In agreement with the tentative conclusion proposed by DeDe et 
al. (2004), it can be hypothesized that different processes may mediate the relation between age and 
different types of language processing. More precisely, it can be suggested that inhibition and 
processing speed are more important when direct processing is considered, while working memory 
becomes a central feature in indirect processing. Yet, empirical work is still needed to bring evidence 
supporting this assumption. 
 
Aside from reasoning and language processing, working memory capacity was shown to mediate the 
relations between age and long-term memory retrieval. Theoretically, and based upon the suggestion 
made by Craik and Byrd (1982), working memory is expected to differentially mediate the relations 
between age and retrieval from memory as a function of the type of retrieval required. More precisely, 
Craik and Byrd (1982; see also Craik & Jennings, 1992) argued that the lesser the contextual 
information provided by the recall task, the larger the demand in cognitive resources to conduct self 
initiated retrieval processes. This assumption is known as “the environmental support hypothesis”. 
Accordingly, free recall is expected to be the most demanding, for no cues are provided to retrieve 
information, followed by cued recall, in which partial contextual information is available. Recognition is 
the lesser resource demanding, for all information is provided at recall. A series of experiments was 
conducted by Park and colleagues among others (see Park, 2000, for a review) to examine the 
mediating effect of working memory between age and different retrieval tasks. As an example, Frieske 
and Park (1993) devised a study to investigate the age-related decline in recognition of complex 
scenes. They provided younger and older adults with familiar scenes containing five objects either 
dispayed in an organized or in an unorganized manner around a typical center object. Participants 
were presented with a series of scenes and were later requested to decide whether each scene was 
exactly the same as that presented at encoding or not. In addition to the recognition task, participants 
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received a Computation Span task used to index working memory performance. Predictions were that 
unorganized scenes would call upon more working memory resources for they contain lesser 
environmental cues than organized ones. Results revealed that age accounted for a significant part of 
the variance in recognition performance for both organized and unorganized scenes. However, a 
substantial part of the age-related variance was shared with working memory, and that, to a larger 
extend for unorganized scenes than for organized ones. Hence, the results suggested that not only 
working memory mediated the relation between age and recognition, but also that the role of working 
memory as explaining age differences in performance was larger when the task was more resource 
demanding. Similar conclusions were drawn by Cherry and Park (1993) in a study in which the amount 
of contextual information was manipulated in a spatial memory tasks. In this experiment, participants 
were requested to replace 3D objects on locations in conditions in which distinctive cues locations 
were either provided or not. The results showed that the mediating role of working memory between 
age and retrieval performance was larger when fewer cues were available, as compared to conditions 
in which more contextual information were provided.  
Both lines of findings suggested that working memory capacity did account for substantial part of the 
age-related variance in long-term memory retrieval and especially in conditions in which there was an 
increase need for self initiated processing. Based on this conclusion, Park et al. (1996) devised an 
experiment to address this issue somewhat differently and used three different types of retrieval tasks: 
free recall, cued recall and spatial memory. In addition, measures of working memory (Backward Digit 
Span, Reading Span, Operation Span), perceptual speed (Digit-Symbol Substitution, Pattern and 
Letter Comparison), and verbal ability were used as resource constructs to explain age-related 
differences in retrieval. Park et al. (1996) predicted that the age-related variance in all types of 
retrieval would be mediated by processing speed and working memory, but that working memory 
would have a stronger relationship to more demanding tasks. The results confirmed the predictions 
and revealed that processing speed, operating through working memory, was an important mediator 
between age and retrieval from memory, irrespective of the task resource demand. Of additional 
interest, working memory accounted for the age-related variance in free and cued recall, but not in 
spatial recall, supporting the hypothesis of a larger involvement of this construct in task that engage 
larger processing demand.  
 
Finally, studies demonstrated that working memory mediates the relation between age and diverse 
other cognitive abilities. As examples, Kirasic et al. (1996) and Hambrick and Engle (2002) examined 
age-related differences in declarative learning, Morrell and Park (1993) investigated procedural 
assembly and Hartman, Bolton and Fehnel (2001) questioned executive functions, and more precisely 
performances in the Wisconsin Card Sorting Test. All studies reported that working memory 






General perspectives on cognitive aging 
 35
I.2.2.1.4. LIMITS IN CONSIDERING WORKING MEMORY AS A COGNITIVE RESOURCE  
Findings from the literature bring a rather clear evidence for age differences in working memory 
capacity, as supported by an age-related reduction in performances in tasks engaging simultaneous 
processing and storage of information. Furthermore, results tend to demonstrate that age affects both 
the storage and the processing capacity components of working memory, which are reduced in older 
adults, as compared to their younger counterparts. Additionally, findings suggest that age-related 
differences in working memory performance account for age-related differences in various cognitive 
abilities, above and beyond the account provided by processing speed, at least, to the extent that the 
cognitive abilities require fairly large processing resource.  
It remains, however, that the theoretical assumption of a specific age-related reduction in general 
processing resources does not find consensual support from the empirical findings. In addition, the 
results are not converging towards a clear picture as concerns the locus of age difference in working 
memory. Consequently, several authors (e.g., Light, 1991; Stoltzfus, Hasher, & Zacks, 1996) called for 
the need to formulate alternative views to working memory capacity to account for cognitive aging by 
focusing on the processes engaged in working memory, instead of considering working memory as a 
general pool of ill-defined resources. Adopting this perspective and switching to considering distinct 
processes instead of a general pool of resources yields a reformulation of the construct of working 
memory capacity primarily in attentional terms. Such a perspective does indeed draw near theoretical 
propositions made in the field of child development, particularly by neo-piagetians, who assimilated 
working memory capacity to attentional capacity (e.g., Case et al., 1982; Pascual-Leone & Ijaz, 1989). 
Again, the theoretical positions will be discussed in the next chapter and only the empirical findings 
relevant in accounting for adult age-cognition relation will be described in the next section. 
 
 
I.2.2.2. ATTENTIONAL, EXECUTIVE PROCESSES 
To our view, and in accordance with other authors (e.g., Verhaeghen et al., in press), processes that 
have been invoked to account for age-related differences in cognition share the common characteristic 
of fulfilling cognitive control requirements. As such, they are to be related to executive functions, to the 
extend that one agrees with a definition such as that proposed Miyake et al. (2000) stating that 
executive functions are “general purpose control mechanisms that modulate the operations of various 
cognitive subprocesses and thereby regulate the dynamics of human cognition (p. 50)”.  
 
Controlled processes are viewed as resource demanding processes, in the sense that they operate to 
carry out mental operations that are not automatically triggered and/or conducted. Ultimately, to 
achieve these mental operations, controlled processes draw on mental energy referred to as 
attentional capacity (e.g., Hasher & Zacks, 1979; Posner & Snyder, 1975; W. Schneider & Shiffrin, 
1977). Hence, the major distinction between automatic and controlled processes lies in their 
requirements in attentional resources. Either type of processes lies at each end of a continuum, with 
automatic processes requiring virtually no resources, while controlled processes require much of 
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them. Given that attentional capacity is limited (Kahneman, 1973), that its attribution is not fixed in 
regards of the operations to which it is allocated, that it interacts with the task demand and that it 
varies both within and among individuals, functional differences are expected between the two types 
of processes18. As reviewed by Hasher and Zacks (1979), these differences reside in the correlation 
with awareness, the susceptibility to interference and disruption, the sensitivity to stimulus load, to 
practice effects and to individual and developmental differences in attentional capacity. Thus, as 
opposed to automatic processes, controlled ones may be accessible to consciousness and be 
conducted willfully. They may be interfered with or even disrupted if the available attentional resources 
are not sufficient to run them efficiently, either because of individual or developmental reduction of 
attentional capacity and/or because of resource sharing requirements associated with concurrent 
demanding mental operations. Finally, contrary to automatic ones, controlled processes may benefit 
from extensive practice and become automatized. As a result, automatized processes draw on lesser 
attentional resources and progressively show some, but not all, characteristics of automatic 
processes. In particular, they may still be willingfully conducted or interrupted and may be interfered 
with when attentional capacity is overloaded. 
 
Of particular interest to the present purpose is the assumption that there are age-related differences in 
attentional capacity (Hartley, 1992; Kahneman, 1973) on which controlled process draw on to be 
efficiently conducted. Indeed, in childhood (e.g., Pascual-Leone & Ijaz, 1989), as well as in late 
adulthood (McDowd & Shaw, 2000), the amount of attentional resources is reduced as compared to 
that available in early adulthood. As a result, age differences in the efficiency of controlled processes 
are expected between young adults and children on the one hand and younger and older adults on the 
other hand. The empirical imprint of the age-related reduction in the efficiency of controlled processes,  
and by extension, of the age-related reduction in attentional capacity, is revealed by age-related 
differences in performance in tasks that are theoretically identified as engaging controlled, effortful, 
attention demanding, processes. In addition, and according to the resource reduction hypothesis (e.g., 
Salthouse, 1991c), candidate processes accounting for age-related differences in cognition must apply 
in diverse tasks, in order to be considered as general mechanisms, or cognitive primitives, mediating 
the relation between age and cognition. 
 
In the present work, we review three processes for which converging, although not ever consensual, 
evidence was reported in the literature in regards of age-related decrease in performance, on the one 
hand, and as accounting for age-related differences in cognition, on the other hand. These processes 
are inhibition, coordination and switching (see also Fisk & Sharp, 2004; Miyake et al., 2000, for a 




                                                 
18 It can be shortly pointed out that controlled processes, as initially labeled by Schneider and Shiffrin (1977; Shiffrin & 
Schneider, 1977) are also referred to as conscious (Posner & Snyder, 1975) or effortful (Hasher & Zacks, 1979) processes. 
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I.2.2.2.1. INHIBITION 
In the psychology literature, a distinction is made between two broad types of inhibition : neural and 
cognitive inhibition. The first refers to a neurophysiological phenomenon consisting in stopping the 
expression of an neural impulse. Neural inhibition, and its inverse corollary, neural excitation, are 
fundamental functions of the nervous system19. Cognitive inhibition, in turn, refers to a cognitive 
process – or ensemble of processes – which consist in the active suppression or dampening of 
information that is not, or no longer relevant, for an ongoing cognitive activity (Dempster, 1995). 
Hence, to the contrary of the previously discussed resources (i.e. working memory and processing 
speed), inhibition does not refer to the amount – or quality – of information that is activated, but refers 
to the amount of information that is suppressed.  
 
Inhibition is a process that was largely called upon in studies of selective attention (for a review, see 
McDowd & Shaw, 2000; Neill, Valdes, & Terry, 1995), that is, in studies focusing on the ability to 
maintain alertness to specific stimuli in the environment in spite of the presence of interfering internal 
or external distractors. Inhibition was also called upon to account for developmental differences in 
working memory capacity and in cognition. In this field, various authors (e.g., Bjorklund & 
Harnishfeger, 1990; Hasher & Zacks, 1988) have suggested that inhibition regulates the content of 
working memory by preventing task-irrelevant information to consume its capacity. Accordingly, 
capacity is not considered in absolute terms, but rather in relative ones, for it refers to the space 
available to keep temporarily task-relevant information, with respect to task-irrelevant ones. Therefore, 
the more efficient the inhibitory processes, the lesser task-irrelevant information in working memory, 
and hence, the larger the available resources for optimal processing. More specifically, inhibition 
serves to suppress previously activated cognitive contents and clear irrelevant actions or information 
from consciousness, to resist interference from potentially attention-capturing stimuli and to restrain 
prepotent but irrelevant responses from gaining control over thoughts and actions (Bjorklund & 
Harnishfeger, 1995; Hasher, Zacks, & May, 1999). Thus, irrespective of the research field, there are 
convergent viewpoints leading to state that cognitive inhibition participates to attentional control and 
prevents individuals from being distracted by external or internal task irrelevant information (Hasher & 
Zacks, 1979, 1988).  
 
Because inhibition lies between (working) memory and (selective) attention, tasks devised in both 
these research fields have been used to assess the efficiency of inhibitory processes. In regards of 
developmental differences studies, and particularly those that concern the adult part of the lifespan, 
some tasks have been more exploited than others (Kramer, Humphreys, Larish, Logan, & Strayer, 
1994; McDowd, 1997; McDowd, Oseas-Kreger, & Filion, 1995). Of particular interest to the present 
concern are attentional paradigms such as the color Stroop (Stroop, 1935), the Negative Priming 
(Tipper & Cranston, 1985) and the Anti-saccade task (Hallett, 1978), as well as memory tasks 
assessing proactive interference (Wickens, 1970). The empirical findings are detailed next. 
                                                 
19 Given that neural inhibition describes a neurophysiological process, it is not directly related to the issue presented in this 
section. The term “inhibition” will further be restricted to characterize cognitive inhibition. 
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I.2.2.2.1.a. Age differences in inhibition 
The color Stroop task (Stroop, 1935, see also MacLeod, 1991, for a review) is probably the task that 
has been the most extensively used to investigate age-related differences in inhibition. In this task, 
participants are presented with stimuli consisting in color names displayed in incongruent ink color 
(e.g. “red” written in blue). The task consist in naming the color of the ink. For individual for whom 
reading is an automated skill, providing the color name requires to inhibit the reading prepotent 
response that is prompted by the stimulus, but irrelevant to achieve the task goal. The empirical hint of 
this mechanism is the so-called interference effect, that is, the performance decrement associated 
with the incongruent condition, as compared to a baseline condition in which the stimuli do not give 
rise to conflicts between reading and naming processes. The most frequent baseline conditions are 
naming the color of patches and reading color names, either written in a uniform color or a in a color 
that is congruent with the color name. Hence, a decrease in the efficiency of the inhibitory processes 
should be reflected by an increase in the interference effect.  
 
Many authors (e.g., Cohn, Dustman, & Bradford, 1984; Houx, Jolles, & Vreeling, 1993; West & Alain, 
2000) reported findings showing that, relative to younger adults, older ones demonstrate poorer 
performance in incongruent conditions, as compared to baseline ones. Most of these studies used 
response times to index performance and interpreted the age-related increase in the interference 
effect as an evidence for an age-related decrease in the ability to inhibit the reading prepotent 
response, hence postponing the resolution of the reading/naming conflict induced by the stimuli. 
However, based on the outcome of meta-analysis of 20 experiments, Verhaeghen and De Meersman 
(1998b), pointed out the need to control for processing speed before concluding to a reliable age-
related increase in the interference effect. Indeed, these authors claim that when interference is 
computed as a difference between reactions times in the incongruent and the baseline conditions 
(which is most often the case), larger age-related effects are expected on the sole basis of the age-
related general slowing. Using Brinley plots, Verhaeghen and De Meersman (1998b), further brought 
evidence to their claim by showing that a) interference effects were as large in younger as in older 
adults, and b) a central age-related slowing factor - of about 1.9 - equally accounted for performance 
in both the incongruent and the control conditions. Although the outcome of the Verhaeghen and De 
Meersman (1998b) discarded the hypothesis of a specific age-related decrease in the efficiency of 
inhibitory processes, other findings remained supportive to it. Indeed, several authors who controlled 
for age differences in the baseline task by means of ratio scores, succeeded in demonstrating reliable 
age differences in the interference effect (e.g., Dulaney & Rogers, 1994; Spieler et al., 1996). It 
appears then, that although some authors consider that age effects in the Stroop interference are 
“highly robust” (Kwong-See & Ryan, 1995, p. 459) and “almost universal” (West, 1996, p. 287), 
empirical support to these statements is not so obvious. This lack of convergence prevents from 
drawing definite conclusions from empirical results and undoubtedly, additional factors need to be 
further considered. Particularly, the factors that may modulate the attentional requirement of the task, 
such as the spatial integration of the word and color stimuli (Brink & McDowd, 1999), the task format 
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(blocked Vs item by item, Salo, Henik, & Robertson, 2001), or the task content (e.g. the number of 
color options, Brink & McDowd, 1999; or the proportion of incongruent trials in the series, West & 
Baylis, 1998).    
 
Another attentional paradigm that was devised to assess age-differences in inhibition is the Negative 
Priming (Tipper, 2001; Tipper & Cranston, 1985). This paradigm involves presenting the participants 
with stimuli embedding two elements, one to be attended (the target), and the other to be ignored (the 
distractor). The task is built so that in two successive trials (the prime and the probe trials), an element 
that was initially displayed as a distractor in the prime, is consecutively displayed as the target in the 
probe. The negative priming effect denotes the increase in reaction time associated with the 
identification of the element to be attended when it was previously ignored, as compared to a condition 
in which it was not previously presented as a distractor. Although there is no definite agreement on the 
explanations of the negative priming effect, some authors favor the selective inhibition interpretation 
over the feature mismatching and episodic retrieval ones (Fox, 1995; May, Kane, & Hasher, 1995, but 
see MacLeod, Dodd, Sheard, Wilson, & Bibi, 2003). The selective inhibition interpretation states that 
the negative priming effect occurs because the element that was previously inhibited as a distractor in 
the prime trial, subsequently requires more time to be re-activated once become a target in the probe 
trial. Hence, the decrease in the efficiency of inhibitory processes should be reflected by a diminished 
negative priming effect. 
 
In a review of the literature on inhibitory processes in aging, McDowd, Oseas-Kreger, and Filion 
(1995) report findings from Negative Priming experiments using both denomination tasks on different 
types of contents (capital letters, Hasher, Stoltzfus, Zacks, & Rypma, 1991; McDowd & Oseas-Kreger, 
1991; line drawing pictures, Tipper, 1991; color words, West & Baylis, 1998) and spatial localization 
tasks. In the denomination tasks, results appear rather convergent in supporting the presence of 
negative priming effects in younger adults, but not in older ones. Additional findings further 
demonstrate that, in this type of task, the absence of negative priming effects in older adults can not 
merely be attributed to an age-related general slowing. Indeed, varying the RSI20 to allow more time to 
inhibit the distractor, leads to similar results: older adults fail to demonstrate a negative priming effect, 
while it is present in younger ones, at least until 1200-ms RSI (Hasher et al., 1991; Michael J. Kane, 
Lynn Hasher, Ellen R. Stoltzfus, Rose T. Zacks, & S. Lisa Connelly, 1994; Stoltzfus, Hasher, Zacks, 
Ulivi, & Goldstein, 1993). However, while results from denomination tasks assessing the object identity 
tend to support the age-related difference in the negative priming effect (but see Kieley & Hartley, 
1997; Little & Hartley, 2000), results from studies using localization tasks lead to different conclusions. 
Indeed, findings from these experiments demonstrate that younger and older adults have equivalent 
negative priming effects, thus implying that inhibition of spatial location is preserved in aging (Connelly 
& Hasher, 1993; Mueller & Baylis, 1993, cited in McDowd et al., 1995).  
 
                                                 
20 The Response Stimulus Interval, i.e. the time between the participant’s response to the prime and the presentation of the 
probe display. 
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As a whole, these findings from single experiments suggest that the presence of age differences in the 
negative priming effect depends, at least to a certain extent, on the type of task that is conducted. In 
the prime trials, older adults seem more hampered at suppressing object identity than spatial location. 
However, results from two recent meta-analyses (Gamboz, Russo, & Fox, 2002; Verhaeghen & De 
Meersman, 1998a) question the conclusion reached considering single experiments. Indeed, both 
analyses demonstrated reliable negative priming effects for both identity and spatial location in older 
adults, with the effect being either smaller for older adults than for younger ones (Verhaeghen & De 
Meersman, 1998a), or even equivalent (Gamboz et al., 2002). Given these discrepancies, the debate 
in regards of the hypothesis of an age-related decline in the ability to suppress irrelevant, distracting 
information in prime trials remains open. Some recent work (e.g., Kramer & Strayer, 2001) indeed 
proposes a dual process account of the age-related pattern of behavior observed in Negative Priming 
paradigms, and claims for considering age differences in the ability to both inhibit the distractor at the 
prime level, and (re)activate it when become relevant during the probe trial. 
 
 
The third attentional task for which we review empirical findings is the Antisaccade task (Hallett, 1978). 
In this task, participants are presented with a display in which a visual element is flashed either on the 
right or on the left side of a fixation point. Cues are provided, in the form of an arrow, for example, to 
direct the gaze either towards the left or the right side of the fixation point. Participants are instructed 
to indicate the side to which the cue points, rather that the one in which it appears. Trials that require 
inhibition are those in which the side of appearance and the cue provide incongruent directions (e.g. 
left-pointing arrow appearing on the right side). Indeed, given that the gaze is automatically driven by 
the side of appearance, this stimulus-induced prepotent response needs to be inhibited in order to 
provided the appropriate response to the cue. Again, the interference effect is reflected by the 
decrease in performance in incongruent conditions, as compared to conditions in which there is no 
conflict between the side of appearance and the pointing cue. Thus, age differences in the ability to 
inhibit the prepotent response should be reflected by a larger interference effect. 
Several findings do indeed support an age-related decline in the ability to resist the tendency to direct 
the gaze in the side of appearance of the stimulus. As example, Sweeney et al. (2001) provided 
younger and older participants with two tasks, a visually guided saccade (or prosaccade) task and an 
antisaccade task. The visual display was composed of an array of six locations, three on each side of 
a fixation point, placed at 10, 20 or 30 degree of visual angle from the center. Participants were asked 
to look either in the flashed, or in the mirror location of the stimulus appearance. Sweeney et al. (2001) 
reported that in the antisaccade task, older adults failed to suppress the voluntary saccade on a higher 
proportion of trials than younger adults, while there were no age difference in the voluntary saccade 
task. Moreover, they reported that the difficulty to suppress the irrelevant movement was larger for 
targets located near the fixation point (i.e. the focus of visual attention) than for targets located farther. 
Finally, Sweeny et al. (2001) reported that older adults were significantly slower than younger adults to 
initiate the eye movement, and that this age difference was larger in the anti-saccade task, as 
compared to the guided saccade one. Using a similar display, Olincy et al. (1997) reported identical 
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findings, both in regards of response latency and response accuracy. De facto, age differences in 
response accuracy are most often reported (Bojko, Kramer, & Peterson, 2004; Butler, Zacks, & 
Henderson, 1999; Nieuwenhuis, Ridderinkhof, de Jong, Kok, & van der Molen, 2000), while 
discrepancies of results appear in regards of response latencies. As an example, Butler et al. (1999) 
and Bojko, Kramer and Peterson (2004) did not find significantly larger age differences in the 
antisaccade task than in the prosaccade task. Methodological differences may account for this 
discrepancy. Indeed, both studies used a display containing only one possible location on each side of 
the fixation point, whereas Sweeny et al. (2001) and Olincy et al. (1997) used three on each side. 
Hence, the task complexity (in terms of the number of possible alternative location), may influence the 
effects of age on the ability to suppress the inappropriate automatic response. More generally, it can 
be assumed that the larger the attentional requirements of the antisaccade task, the larger the age 
differences in performance. This hypothesis was recently investigated by Eenshuistra, Ridderinkhof, 
and van der Molen (2004) who administered a prosaccade and an antisaccade task either alone or 
concurrently with a running memory task. Line drawing pictures were presented to younger and older 
participants either on the side of a visual cue (prosaccade task) or on its opposite side (antisaccade 
task). Under the memory load condition, participants were required to remember the most recently 
presented stimulus in series of trials. The results demonstrated that under the memory load condition, 
the saccade response latencies were longer than in the control condition, and that this effect was 
larger for the antisaccade task than for the prosaccade task. However, similar effects were reported 
for younger and older adults. Specific age-related decline in performance was however reported in 
accuracy measures. Indeed, the dual task corresponded to a pronounced age-related increase in the 
number of direction errors in the antisaccade task. As a whole, the findings suggest that older adults 
demonstrate more difficulties than their younger counterparts in suppressing reflexive saccadic eye 
movement to fulfill antisaccade task requirements and voluntarily direct their gaze towards a specific, 
task-relevant location. Particularly, older adults make more saccade onset errors than younger adults, 
but do not necessarily demonstrate longer response latencies. This pattern of results appears 
exacerbated when attentional resources need to be shared with a concurrent task.  
 
To conclude this section on age differences in inhibitory mechanisms, findings from tasks assessing 
proactive interference are reviewed. Proactive interference (PI) is an effect that was described in the 
literature since the 1950s and 1960s (e.g., Underwood, 1957). It refers to the fact that previously 
learned information can result in forgetting of more recently learned information. In a typical PI 
experiment, participants receive successive trials consisting in lists of words belonging to the same 
category, either semantic, or phonologic (de Ribaupierre et al., 1997; Kane & Engle, 2000). 
Participants are instructed to remember the words in order to subsequently recall them at the end of 
each list. Providing successive trials of the same category is associated with a progressive decline of 
free recall (build-up of PI), while performance recovers as soon as the category is changed (release 
from PI). Earlier interpretations of the build-up of proactive interference attributed the effect either to a 
failure to temporally discriminate items from different trials (Underwood, 1945), or to search failures 
(Dillon, 1973). More recently, several authors (e.g., Dempster, 1981; Kane & Engle, 2000) have 
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argued that inhibitory mechanisms be important in the ability to resist interference from event in long-
term memory. Indeed, in the case of PI, items from the just-recalled list need to be deleted in order to 
bring the items from the new list in the focus of attention (Hasher, Chung, May, & Foong, 2002). 
Accordingly, failure to delete appropriately no longer relevant information may account for the 
decrease in free recall across trials, but, also, should be reflected by an increased number of 
intrusions from prior lists. 
Recent work conducted by Hasher and colleagues (Chiappe, Hasher, & Siegel, 2000; Hasher et al., 
2002) provided findings supporting the assumption of an age-related decrease in the ability to clear 
irrelevant information from memory, as reflected by a larger number of inter-trial intrusion errors for 
older adults, as compared to their younger counterparts. However, findings further showed that the 
build-up of PI, as indexed by the number of elements correctly recalled, was not larger for older adults 
than for younger ones. Indeed, although older adults recall a lesser amount of correct words than their 
younger counterparts, the drop in performance across trials is comparable across age groups. 
Recently, Borella, Caretti and Mammarella (in press) did find comparable results, with a specific age-
related decrease in performance across trials for intrusions, but not for the number of correct words 
recalled. This pattern of findings hence suggests that older adults have a lesser ability to distinguish 
between target items and obsolete ones, and that they tend to report all candidates active in memory, 
irrespective of their current status in regards of the task goal. Age-related differences in PI were also 
reported in experiments using variants of the Brown-Peterson task (Lustig, May, & Hasher, 2001; May, 
Hasher, & Kane, 1999), but this finding is not always consistent (Craik, 1977; Dobbs, Aubrey, & Rule, 
1989). Borella, Caretti and Mammarella (in press) attribute this inconsistency to methodological 
differences, and particularly to variations in the length of the retention interval between encoding and 
recall. Indeed, the duration of the rehearsal prevention task administered in the Brown-Peterson 
procedure may induce participant to rely either on working memory - in short intervals - or on long-
term memory - in longer intervals. Age differences in proactive interference is thus expected to be 
larger when working memory is recruited than when performance relies on long-term memory. 
Unfortunately, there is no direct empirical evidence for this interpretation. Finally, another piece of 
evidence supporting the age-related increase in proactive interference was brought by Bowles and 
Salthouse (2003), who elegantly investigated the built-up of PI within two working memory tasks, by 
analyzing the effect of the order of trials within each of the tasks. Their findings revealed a larger 
performance decrease associated with the succession of trials for older adults than for younger ones. 
Although other explanations might be called to account for this effect (e.g., susceptibility to fatigue or 
within-task practice), Bowles and Salthouse (2003) nonetheless preferentially invoke an age-related 
greater PI sensitivity, for the PI index accounts for about half of the age-related variance in working 
memory performance.  
 
Briefly summarized, the studies conducted to assess the hypothesis of a specific age-related decline 
in the efficiency of inhibitory processes by means of paradigms in the field of attention and memory 
lead to mixed results. In all three attentional tasks considered (i.e. the color Stroop, the Negative 
Priming and the Antisaccade), results called upon a general conclusion: differences in the attentional 
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demand of the tasks not only modulated the age-related differences in the efficiency interference 
effect, but also left open alternative, but not necessarily exclusive, interpretations in terms of age 
differences in the ability to activate the relevant information to produce appropriate responses.  In the 
memory domain, results appear less divergent and tend to support an age-related decrease in the 
efficiency with which no longer relevant information can be cleared from working memory. It remains 
that even if the findings are not fully consistent, the general panorama delineates age-related 
differences in the ability to suppress irrelevant information, and particularly in tasks that are more 
attention demanding or that rely more on available working memory resources. This ensemble of 
empirical findings need to be associated with a theoretical framework proposed by Hasher and Zacks 
(1988) in which inhibition is conceived as a general resource accounting for cognitive aging.  
 
I.2.2.2.1.b. The inhibition theory of cognitive aging 
The inhibition theory of cognitive aging was proposed by Hasher and Zacks (1988) as a “new view” to 
account for cognitive aging, with respect to the other general resource accounts. More precisely, 
Hasher and Zacks argue that limited capacity views as proposed by Craik (1983) or Salthouse (1988a) 
do not provide clues on why the limited capacity declines with increasing age, aside from an age-
related reduction in processing speed. By contrast, Hasher and Zacks (1988) initially proposed that 
the age-related reduction in working memory capacity is a direct function of an age-related reduction 
in inhibitory processes that prevent off-goal path information to enter working memory. Hence, a 
reduction in inhibitory processes causes the content of working memory to be “enriched” with task-
irrelevant information that compete with task-relevant ones at retrieval. Taken to the extreme, the 
amount of off-goal information may even prevent gaining access to target information.  
 
More recently, Hasher, Zacks and coll. (Hasher et al., 1999; Zacks & Hasher, 1997) further developed 
their view and attributed three major functions to inhibition: (1) the selection of information that enters 
working memory, which was already considered in the initial theoretical proposition (2) the unloading 
or deletion of no longer relevant information from working memory (3) the reduction of the probability 
of incorrect, but possible relevant responses. According to Stoltzfus, Hasher and Zacks (1996) unique 
prediction may therefore be made in regards of an age-related decline in each of these functions. 
First, older adults should show more information becoming active in working memory. This was indeed 
supported by findings showing that older adults produce more candidates than younger adults in 
completion sentences (Stoltzfus, 1992, cited in Stoltzfus et al., 1996). The second prediction is that 
older should be more susceptible to interference from no longer relevant information. Empirical 
support for this assumption was provided by findings from afore discussed studies on proactive 
interference (Chiappe et al., 2000; Hasher et al., 2002). The third prediction states that older adults 
should restrain activation of information even when inconsistent with current task goals. Findings 
supporting this assumption were reported in studies investigating age differences in tasks such as the 
color Stroop task and showing greater interference effects in older adults as compared to younger 
ones (Spieler et al., 1996; West & Alain, 2000). 
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I.2.2.2.1.c. Limits in considering inhibition as a cognitive primitive 
Although fairly appealing, the inhibition account of age-related differences in cognition holds several 
drawbacks, and thus, has been widely criticized (see McDowd, 1997, for a review). First, as already 
pointed out, studies investigating age-related differences in the susceptibility to interference lead 
mixed results, sometimes supporting age differences, some other times not. Second, and as 
discussed by  MacLeod et al. (2003), the inhibition account of performance in various attention and 
memory tasks may be challenged and alternative explanations in terms of activation account as well 
for the empirical findings. We do not fully adopt their view, for they acknowledge replacing the 
inhibition account by an activation account; Instead, we suggest that activation and inhibition may be 
considered as vicarious mechanisms that they may both account for age differences in performance. 
Third, and this point has been discussed so far, several authors pointed out that measures of inhibitory 
processes often demonstrate inconsistencies and are frequently not reliable (Park et al., 2002; 
Shilling, Chetwynd, & Rabbitt, 2002). This further might explain the lack of empirical evidence 
permitting to disentangle the theoretical issue on whether inhibition should be considered as a unitary 
construct or not. Indeed, the poor consistency and reliability of inhibition measures prevents, to a large 
extent, the application of multivariate design, the only mean to solve this question (but see Fisk & 
Sharp, 2004; Miyake et al., 2000). It remains, however, that the theoretical construct of inhibition and 
its major function, resistance to interference, have proven useful in accounting for various specific 
age-related declines in cognitive performance. Aside from inhibition, which is undoubtedly the 
cognitive primitive that has generated the larger amount of experiments in the field of cognitive aging, 
there is another one that has been largely invoked to account for age-related differences in cognition.  
 
I.2.2.2.2. COORDINATION 
Coordination refers to the ability of allocating cognitive resources to manage and conduct two tasks 
concurrently (Hegarty, Shah, & Miyake, 2000). As inhibition, coordination has been investigated both 
in the field of memory and attention. In the field of memory, the mainstream methodology consists in 
providing the participants with low resource demanding tasks of verbal and visuo-spatial content, 
respectively. This methodology has been widely used by the English school of working memory and 
highly promoted in studies designed to investigate the functions attributed to the Central Executive 
component in Baddeley and Hitch model of working memory (Baddeley, 1986; Baddeley & Hitch, 
1974). In the field of attention, coordination is investigated by the so-called “divided attention” 
paradigms, in which the attentional resources need to be shared between two tasks administered 
simultaneously (Hartley, 1992). Although the theoretical background and the investigation means are 
somehow different, the process that is engaged is obviously the same. Irrespective of the theoretical 
perspective, the coordination – attention and time sharing - process is meant to draw upon additional 
cognitive resources to manage running two tasks concurrently. Provided that age diminishes the 
amount of available cognitive resources (Kahneman, 1973), it is assumed that older adults 
demonstrate larger dual task costs than their younger counterparts. 
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I.2.2.2.2.a. Age differences in coordination 
Dual task coordination and divided attention are among the most investigated topics in the cognitive 
aging literature (e.g., Craik & Jennings, 1992; Hartley, 1992; McDowd & Shaw, 2000). However, it is 
not always easy to distinguish studies specifically devised to address the coordination issue from 
those that investigate, at a broader level, the ability to allocate cognitive resources and share 
attention. As pointed out by Hartley (1992), there is an extremely large variety of experimental 
situations that involve dividing attention and coordination. A wide range of both primary and secondary 
tasks have been used, going from simple perceptual tasks to rather complex memory or reasoning 
tasks. In the present theoretical review of the literature, some of the findings related to divided 
attention have already been discussed in the section on working memory capacity (see p. 26 and 
subsequent)21 and lead to the conclusion of a discrepancy of findings in regards of a specific age-
related impairment in the ability to divide attention. Indeed, while some authors reported findings 
supporting the assumption of a specific age-related decline in the ability to conduct simultaneous 
processing and storage (e.g., Babcock & Salthouse, 1990), some other provided mixed results (e.g., 
Gick et al., 1988; R. G. Morris et al., 1988) and some concluded to equivalent dual task costs between 
younger and older adults (e.g., Baddeley et al., 1991; Baddeley et al., 1986; Belleville et al., 1998). A 
similar pattern is indeed reported in the studies specifically devised to assess dual task coordination, 
over and beyond the general resource framework, with some reporting specific age-related decline in 
coordination (e.g., Lindenberger, Marsiske, & Baltes, 2000), whilst others failed, either fully or partially, 
to demonstrate such a general decline (e.g., de Ribaupierre & Ludwig, 2003; McDowd & Craik, 1988; 
Somberg & Salthouse, 1982; Tun & Wingfield, 1993, 1994).  This obvious discrepancy of findings has 
also been highlighted by results of three recent meta- analyses conducted by Chen (2000), Kieley 
(1990, cited in Hartley, 1992) and Riby, Perfect and Stollery (2004), who respectively surveyed 25, 35 
and 34 studies, allowing to extract 58, 54 and 62 indices of effect size (d or g values, Hedges & Olkin, 
1985)..Although all three meta-analyses reported large and reliable average effect size22, the authors 
clearly pointed out the wide heterogeneity of indices values computed for individual studies. 
Consequently, they acknowledged the fact that although age-related difference in dual-task 
performance are reliable, they may result from multiple underlying causes. De facto, several factors 
have been suggested in the literature (e.g., de Ribaupierre & Ludwig, 2003; Riby et al., 2004; 
Somberg & Salthouse, 1982; Verhaeghen et al., 2003) and will be briefly reviewed next.  
 
The most common explanation for discrepancies in the age-related effect in coordination cost is the 
nature of the primary and secondary tasks investigated (Somberg & Salthouse, 1982). Indeed, age-
related differences are usually larger when tasks involve central processing, in comparison to tasks 
requiring peripheral sensory motor ones (Kieley, 1990, cited in Hartley, 1992). They are also larger for 
visuo-spatial tasks than for verbal ones (Hale & Myerson, 1996), for tasks assessing direct memory in 
                                                 
21 As a reminder, working memory tasks are characterized by the fact that they require both storage and processing. As such, 
they involve coordination between the two, and therefore can obviously be considered as dual tasks (e.g., Engle, 2001). 
22 Kieley (1990) reported a d value of .99, with a 95% confidence interval ranging from .88 to 1.11, Riby et al. (2004) reported a 
value of d = .68, included in a 95% confidence interval ranging from .62 to .75, and Chen (2000) reported a similar index, but 
corrected for sample size of g = .79, with a 95% confidence interval ranging .14 to ~2.08. 
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comparison to tasks assessing indirect memory (Light, 1991), for tasks engaging controlled processes 
relative to tasks engaging automatic ones (Jennings & Jacoby, 1993; Riby et al., 2004) and when the 
secondary task involves memory (Salthouse, Rogan, & Prill, 1984) rather than perceptual comparison 
(Salthouse & Somberg, 1982). Hence, when processing is automatic and data driven, performance 
may be resilient to concurrent task demand, for both younger and older adults. However, when the 
task demand increases, either because the task requires more cognitive operations, or calls upon 
abilities that are more age-sensitive (such as visuo-spatial ones, e.g., Hale & Myerson, 1996), the 




Another factor that was called upon to account for the discrepancies of findings is the lack of common 
metric across studies. Indeed, usually age differences in dual tasks performance are larger when 
performance in single task is not controlled for (i.e. raw performance, or simple difference score), as 
compared to when performance in the single tasks are controlled for, as computed with ratio or 
residual scores, for example (Salthouse & Somberg, 1982, but see Chen, 2000). Even so, 
discrepancies of results remain (de Ribaupierre & Ludwig, 2003). Similar evidence was brought using 
a different procedure to control for baseline performance by equating participants’ performances in 
single tasks, previous to conduct dual-tasks. Indeed, authors that have used this methodology usually 
did report equivalent dual-task costs for younger and older adults (Baddeley et al., 1991; Baddeley, 
Della Salla, Gray, Papagno, & Spinnler, 1997; Belleville et al., 1998). To close on the metric issue, it 
should be pointed out that the size of the age-related dual tasks cost varies as a function of the type of 
variables used to index performance. Indeed, age-related differences appear larger when performance 
is assessed by response time latencies, as compared to response accuracy (J. Y. Chen, 2000), even 
when processing speed is controlled for (de Ribaupierre & Ludwig, 2000, 2003; Verhaeghen et al., 
2003). Altogether, these results suggest that age differences in coordination may be less ubiquitous 
than sometimes assumed. However, they nonetheless should be considered as being specific and 
reliable. Indeed, as suggested by findings of a meta-analysis conducted by Verhaeghen et al. (2003), 
dual tasks engage a specific additional component to the processing that is specifically affected by 
aging. 
 
 Aside from tasks difference and metric issues, the discrepancies of findings in regards of the age-
related increase in dual task cost has been attributed to structural similarities across tasks. As an 
example, Tsang and Shaner (1998), elegantly demonstrated that age differences in dual task cost 
were larger when the tasks shared similar input, as compared to dual tasks that called upon different 
ones. Similar evidence were brought by Verhaeghen et al. (2003) and Chen (2000). It also appears 
that age differences in the cost are larger when the two tasks share the same internal codes - e.g. 
verbal and visuo-spatial - than when these are different (J. Y. Chen, 2000), or when the output 
modality is manual rather than vocal (Verhaeghen et al., 2003).  
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Finally, as suggested by de Ribaupierre and Ludwig (2003), discrepancies in the findings may arise 
from sample differences. On this particular issue, the effects of expertise and the age of the sample 
are to be considered. As concerns the former, Tsang and Shaner (1998), as well as Salthouse and 
Somberg (1982) or Lindenberger, Marsiske, & Baltes (2000) demonstrated that expertise and training 
generally diminishes the cognitive cost associated with dual tasks, in addition to abate the age effects 
when present in matched non experts. The age of the sample may also give rise to different age-
related effects on the dual tasks. As an example, some authors  failed to report significant age 
differences using simple sensorimotor or perceptual dual tasks (Salthouse & Somberg, 1982), while 
other did (Lindenberger et al., 2000), suggesting that advancing age may be associated with 
differential requirement for similar tasks. Finally, age-related specificities were reported in the way 
individuals from different age groups prioritize each of the two concurrent tasks (K. Z. H. Li et al., 
2001), as well as in the flexibility at which different age groups modify the resource allocation priorities 
to comply to the task instructions (Tsang & Shaner, 1998). 
 
 
I.2.2.2.2.b. Limits in considering coordination as a cognitive primitive 
The more striking evidence from all the findings reported in studies investigating age-related 
differences in dual task cost is their discrepancy. Although outcome of several meta-analyses 
converge to conclude to  a specific and reliable age-related decline in the ability to coordinate two 
tasks concurrently (J. Y. Chen, 2000; Kieley, 1990, cited in Hartley, 1992; Riby et al., 2004; 
Verhaeghen et al., 2003), evidence from single experiment is rather diffuse. These discrepancies have 
been discussed in regards of various methodological differences, among which the type of tasks used 
and their (dis)similarities, the type of scores used to index performance, associated with the diversities 
in the procedures applied to control for age differences possibly present in baseline performance, and 
differences in the sample considered.  
 
Although these various factors have not been considered simultaneously in any experiment, some 
insight on their effects may be captured from findings reported by Tsang and Shaner (1998). These 
authors devised a dual-task experiment in which the task complexity, the structural similarity and the 
expertise level were considered in addition to age. Young, middle aged and old participants were 
provided with five tasks (two differentially complex version of a Sternberg running memory verbal 
tasks, two differentially complex versions of a Planikin spatial tasks and a tracking task), conducted 
either alone or concurrently with another tracking task. Under dual condition situations, Tsang and 
Shaner (1998) further manipulated the resource allocation priority by administering the tasks under 
equal priority (no particular instruction) or under differential priority (participants were instructed to 
perform their best in one of the two sub-tasks). Time-sharing expertise was also investigated by 
considering pilots and non pilots individuals, with the assumption that pilot acquired high time-sharing 
expertise during their flying experience. The major findings were the following. First, results 
demonstrated that overall, the time-sharing efficiency decreases with age, and that age differences 
increased with within-task complexity. Second, the age effect on dual task performance was larger for 
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tasks sharing structural similarities than for tasks that were dissimilar. Third, pilots time-shared more 
efficiently than non pilots, and this effect interacted with age, hence suggesting that expertise abate 
some of the age effects. Fourth, prioritizing the resources allocation interacted with the within-task 
complexity and structural similarity; the higher the complexity (and similarity, respectively), the poorer 
the performance in the low-priority condition. Fifth, both age and expertise affected the control of 
resource allocations. Older adults, respectively non pilots, were less efficient in prioritizing the 
allocation of resources during dual tasking. Altogether, the findings reported by Tsang and Shaner 
(1998) support the assumption of an age-related deficit in dual task coordination. Of more interest, 
however, the findings further suggest that the age effects increase with task complexity and structural 
similarity, while they are attenuated by expertise.  
 
From a broader scope, the diversity of findings reported in regards of age differences in the ability to 
coordinate concurrent tasks calls upon a rather general conclusion. Given that coordination is involved 
in an extensive range of tasks, the gait of investigating and accounting for age-related differences in 
this process – these processes ? – appears to be a difficult one. In addition, although convergent 
outcomes from meta-analyses bring evidence supporting a reliable age-related decline in coordination, 
many factors are suspected to participate to the reported overall age effect. To a larger extent, 
however, the crucial aspects may reside a) in the attentional demand required by each of the tasks 
involved and b) in the extent to which the task draws upon the available attentional resources of 
individuals, as a function of expertise, training or priorities and c) in intrinsic individual differences in 
the amount of available resources. Finally, as pointed by Kray and Lindenberger (2000), coordination 
is not but a requirement to constantly switch between tasks. This latter characteristics undoubtedly 
relates coordination to another process that was called upon to account for age-related differences in 
cognition, namely switching between mental sets. Coordination and switching only differ in whether 
the switch is needed in homogeneous lists (i.e. AAAA…, BBBB…) or in heterogeneous lists (i.e. 
ABABA….) of trials (Kray & Lindenberger, 2000). Hence, as opposed to dual-task costs that are 
computed across tasks, switching costs are computed across trials (Rogers & Monsell, 1995). 




According to Miyake et al. (2000), task switching refers to an attentional shifting process involved in 
the disengagement of an irrelevant task set and the subsequent active engagement of a relevant task 
set. This process is typically assessed by means of experiments that contains series of trials in which 
the task requires changes from trial to trial, either in a predictable, or in an unpredictable order. Each 
trial consists in a sequence starting with the presentation of a cue that serves as an instruction signal 
to indicate the task to be performed. The cue is followed by a presentation interval that usually varies 
randomly in duration from approximately 100ms to 1500ms. The sequence ends with the presentation 
of the imperative stimulus, which is classically ambiguous as to which task to be performed, rendering 
it necessary to process the cue or to keep track of the task sequence. Three types of trials are used: 
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a) pure-task trials, that serve as control and remain constant within block sequences, b) non-switch 
trials, on which the task is kept constant across series of trials allowing to keep the same task set and 
c) switch trials, on which the task changes and the task set need to be reconfigured. Performance is 
scored by two types of switch costs. The first is computed as the difference between switch and non-
switch trials (Type 1, local, or switch cost score), while the second is computed as the difference 
between non-switch and pure-task trials (Type 2, global, or mixing cost score). Local costs scores are 
held to reflect the demand of executive processes associated with the actual switching process, while 
global switch scores are meant to reflect the difficulty of maintaining and scheduling different mental 
task sets. With respect to age-related differences in cognition, switching between mental sets23 has 
been suggested as an age-sensitive control process accounting for age differences in cognitive 
performance (e.g., Mayr, Spieler, & Kliegl, 2001). 
 
 
I.2.2.2.3.a. Age differences in task switching 
Because different findings were reported in regards of age-related differences on the various costs 
scores used to quantify task switching performance, these will be considered separately.  
As concerns local switch costs, there is some evidence that older adults demonstrate overall larger 
costs than younger adults (e.g., De Jong, 2001; Meiran & Gotler, 2001). As an example, De Jong 
(2001) reports findings from an experiment in which younger and older adults were presented with red 
or blue vowels and consonants. The task consisted in responding either to the color, or to the category 
of the letter. Switch blocks were presented according to a AABBAABB scheme. Under the shortest 
preparation interval (100ms), the average switch cost was of 260ms for younger adults and 399ms for 
older ones. The corresponding residual switch costs (i.e. the local cost at longer intervals), computed 
at 1500ms, were of 98ms and 192ms, respectively. Findings in the similar vein were brought by 
Meiran and Gotler (2001) who reported results showing that irrespective of the preparation interval 
duration, older adults were more penalized than younger ones by task switching. However, different 
conclusions were reached by several other authors  who assessed local switching costs, either taking 
into account age differences already present in the baseline conditions (Kray & Lindenberger, 2000; 
Salthouse, Fristoe, McGuthry, & Hambrick, 1998), and/or considering longer preparation intervals 








                                                 
23 A mental set refers to internal constraint driving goal-directed actions among an infinite number of potential acitions to select 
from. Mental sets “configure” the system to allow efficient, even automatic selection within a subspace of “allowed” actions 
(Mayr & Liebscher, 2001). 
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To the contrary of local switch costs, findings for global switch cost appear more convergent with 
respect to age-related differences (Kray & Lindenberger, 2000; Wasylyshyn, Verhaeghen, Sliwinski, & 
Cerella, 2003, cited in Verhaeghen, Cerella, Bopp, & Basak, in press). To exemplify the divergence of 
age-related effects on local and global costs, a sample case is made from a study elegantly conducted 
by Kray and Lindenberger (2000). In this experiment, the authors provided young, middle-aged and 
older participants with three tasks consisting in classifying shapes (color or shape judgment), 
classifying digits (similarity or value judgment) and classifying words (animate or syllable judgment). 
For each task, trials were provided either in homogeneous lists (AAAA…, BBBB…) or heterogeneous 
lists (AABBAABB…), hence permitting to investigate both general and specific cognitive costs, by 
means of dual-task (global switch) costs on the one hand, and local switch costs on the other hand. 
The authors further manipulated the preparation interval to evaluate the age-differences in task 
preparation, and they trained their participants with extensive practice in order to investigate the 
robustness of the age-related effects upon performance. The major finding of this study is that older 
adults, as compared to younger ones, have disproportionate difficulties in dual-task coordination, that 
is, in maintaining and coordinating two simultaneous task sets during switching. These age-related 
differences were maintained with practice and long preparation intervals. However, Kray and 
Lindenberger (2000) failed to demonstrate age-related differences in the ability to reconfigure the 
system from one task set to another, as required in heterogeneous lists calling upon local task switch.  
The difference in the age effects reported between local and global switch cost was also reported by 
Wasylyshyn et al. (2003, cited in Verhaeghen, Cerella, Bopp, & Basak, in press) in a meta-analysis 
based on 10 studies for global switching and 15 for global switching. For each type of switching, age 
effects were assessed by means of Brinley and state trace analyses. Results indicted that global task 
switch was clearly age sensitive, as shown by two age-related distinct state trace functions - 
differentiated by the intercept value - describing the relation between switch blocks and non switch 
blocks. Additionally, Brinley analyses demonstrated that a different slowing factor accounted for the 
baseline and global switch condition (slope of 1.6 and 2.2., respectively). For local switch costs, to the 
contrary, a similar function accounted for the data both in the state trace and in the Brinley analysis, 
hence revealing that local switch cost were age-constant. 
 
Hence, the most straightforward finding in regards of age-related differences in task switching is the 
discrepancy of results for local and global switching. Local switch costs, that reflect the switching 
process itself, are not systematically associated with specific age-related differences. Oppositely, the 
global switch cost reflecting the ability to manage multiple task sets, lead to rather convergent findings 
supporting reliable age differences. It appears then that aging is not associated with a specific difficulty 
in the switching process, but rather with a selective impairment in maintaining and coordinating 
multiple tasks sets in working memory (e.g., Kray & Lindenberger, 2000). It has also been suggested 
(e.g., De Jong, 2000; Mayr & Keele, 2000) that a differential increase in global costs could be 
accounted for by the ability to actively disengage the prior task set, in addition to the ability to activate 
the current relevant task set. Applying this proposition to the observed age differences in the global 
costs calls upon an interpretation in terms of age-related differences in the ability to manage and 
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coordinate activation and inhibition of multiple tasks sets in working memory. Finally, some authors 
(Eenshuistra, Wagenmakers, & De Jong, 2000, cited in De Jong, 2001) have argued for a radically 
different interpretation and attributed the age-related differences in global switch costs to age 
differences in strategies. Accordingly, older adults are meant to opt for not completely engaging and 
disengaging mental sets, hence achieving a compromise between minimizing control effort and 
maximizing task performance. 
 
I.2.2.2.3.b. Limits in considering switching as a cognitive primitive  
The findings regarding age-related differences in task local switching suggest that older adults, 
although slower than younger one, are not specifically more hampered by the switching process itself, 
and that, particularly when the interval between the cue and the stimulus interval allows enough time 
for preparation (Kramer et al., 1999; Kray & Lindenberger, 2000; Mayr & Liebscher, 2001; Salthouse, 
Fristoe et al., 1998). However, older adults are more penalized than younger ones when multiple tasks 
sets need to be managed and coordinated simultaneously (Kray & Lindenberger, 2000; Wasylyshyn et 
al., 2003, cited in Verhaeghen, Cerella, Bopp, & Basak, in press). Hence, and according to a recent 
proposition made by several authors, it seems that the cardinal feature accounting for age-related 
differences in switching is not the control process per se, but the number of mental tasks sets that 
need to be maintained and coordinated in working memory (Kray & Lindenberger, 2000; Mayr & Kliegl, 
2000; Verhaeghen & Basak, 2005). Hence, considering the switching process as a primitive to 




I.2.3. AGE AND PROCESSING RESOURCES: SUMMARY 
In this section, we reviewed the major candidate constructs, or “cognitive primitives” that have been 
proposed in the cognitive aging literature to account for age-related differences in cognition. The 
dominant theory pertains to the influence of processing speed (Cerella, 1985; Salthouse, 1985a, 
1991c, 1993, 1996). Numerous findings acknowledged the fact – rather trivial, indeed – that aging is 
associated with a decrease in the speed of both sensory-motor and central processing, with the latter 
accounting for more age-related variance in cognition than the former. Moreover, it has been reported 
that on average, older adults are about 50% slower than younger ones in conducting central 
processing, irrespective of the complexity of the task (Cerella, 1985; Cerella et al., 1980; Lima et al., 
1991). This multiplicative, rather than additive, effect of the age-related general slowing implies that 
caution needs to be taken in interpreting larger age differences in more complex tasks, for some of 
them can be accounted for solely by age differences in rate at which basic cognitive operations are 
conducted (Verhaeghen & Cerella, 2002). However, although processing speed has been 
demonstrated to be a powerful mediator of age-cognition relations (Kail & Salthouse, 1994; Salthouse, 
1993), caution should be taken in considering it as the single resource accounting for age-related 
difference in cognition. First, because part of the age-related variance in several cognitive tasks was 
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shown to be independent of processing speed and/or better explained by models considering 
additional constructs, in particular, working memory (e.g., Kliegl, Mayr, & Krampe, 1994; Mayr & Kliegl, 
1993; Park et al., 1996). Second, because empirical findings from longitudinal studies suggested that 
intra-individual change in processing speed were less convincing in accounting for changes in 
cognition (e.g., Schaie, 1989) than suggested by findings of cross-sectional studies.  
 
Turning to alternative, but not necessarily exclusive constructs, several authors have proposed 
working memory capacity to account for age-related differences in cognition. There is indeed a 
common agreement on the fact that older adults demonstrate smaller working memory capacity than 
their younger counterparts (for a review, see Craik & Jennings, 1992; Salthouse, 1990), although 
controversies remain in regards of the locus of these age differences, whether in terms of storage, 
processing and/or coordination between storage and processing (Babcock & Salthouse, 1990). In the 
same vein, although older adults are assumed to be more hampered than younger ones in tasks 
requiring to divide attention (Craik, 1977; Craik & Byrd, 1982), age differences were not constantly 
reported (e.g., Baddeley et al., 1991; R. G. Morris et al., 1988). This lack of convergence in the 
findings, and the failure of working memory – attentional - capacity to account satisfactorily for 
differences between older and younger adults’ performances led some authors (e.g., Hasher & Zacks, 
1988; Mayr et al., 2001; Verhaeghen & Basak, 2005) to emphasize working memory content, rather 
than working memory capacity, and to call upon age-differences in the efficiency of control processes 
to account for age differences in cognition. Among the relevant ones are inhibition, coordination and 
task switching. 
 
The inhibition theory of cognitive aging (Hasher & Zacks, 1988; Hasher et al., 1999; Stoltzfus et al., 
1996) posits an age-related breakdown in the resistance to interference, caused by an age-related 
related decrease in the efficiency of inhibitory control. Consequently, older adults would demonstrate a 
mental clutter in working memory, thereby limiting its functional capacity. Although fairly appealing, the 
assumption of an age-related decrease in inhibition found only mixed empirical evidence. Indeed, 
although age differences were demonstrated in tasks such as the Color Stroop test (e.g., Cohn et al., 
1984; Houx et al., 1993), the Negative Priming (McDowd et al., 1995) or the Antisaccade (e.g., 
Sweeney et al., 2001), they were not constantly reported (Verhaeghen & De Meersman, 1998a, 
1998b). This discrepancy of findings was either attributed to the lack of control of age-related 
differences in baseline conditions (Verhaeghen & De Meersman, 1998a, 1998b), or to inconsistencies 
in the reliability of the measures used to assess inhibition (Park et al., 2002; Shilling et al., 2002). 
 
Another control process that was called upon to account for age-related differences in cognition is 
coordination. This process, assessed by means of dual- or divided attention tasks, consist in 
managing two tasks concurrently. While not fully convergent (e.g., McDowd & Craik, 1988; Tun & 
Wingfield, 1993, 1994), empirical findings tend to support the assumption according to which older 
adults demonstrate lesser effective coordination than younger adults (Craik & Jennings, 1992; Hartley, 
1992; McDowd & Shaw, 2000). Moreover, although several authors pointed out that the age effects on 
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coordination costs were drastically reduced by controlling for age differences already present in single 
tasks (e.g., de Ribaupierre & Ludwig, 2003; Somberg & Salthouse, 1982), some others, by means of 
meta-analyses, argued that coordination remained specifically affected by aging (Riby et al., 2004; 
Verhaeghen et al., 2003). Hence, as for inhibition, results appear to be mixed in supporting a specific 
age-related impairment in the ability to coordinate two tasks simultaneously. The heterogeneity in the 
findings has been attributed to several factors among which the variety of tasks used to investigate 
coordination (e.g., Tsang & Shaner, 1998), to methodological differences across studies (e.g., 
Somberg & Salthouse, 1982), as well to differences in the sample considered (e.g., de Ribaupierre & 
Ludwig, 2003).  
 
Finally, a third control process, task switching, was more recently introduced in the cognitive aging 
literature to account for age-related differences in cognition. This process involves the maintenance 
and scheduling between mental sets, and in some regards, is fairly close from coordination. Studies 
that were conducted to assess age-related differences in task switching considered two levels: Local 
switching, which corresponds to the ability to switch mental sets between successive trials, and global 
switching, which corresponds to the ability to switch mental sets between concurrent blocks or tasks. 
Although still sparse, findings regarding age differences in task switching tends to provide a fairly clear 
pattern, demonstrating reliable age differences in global switch, but not in local one (Kray & 
Lindenberger, 2000; Wasylyshyn et al., 2003, cited in Verhaeghen, Cerella, Bopp, & Basak, in press). 
Hence, it appears that age leaves fairly intact the switch process itself, but affects that ability to 
maintain and coordinate multiple mental sets in working memory (Kray & Lindenberger, 2000; Mayr & 
Kliegl, 2000; Verhaeghen & Basak, 2005). 
 
Taken together, the findings demonstrate that age differences in performance appear in a variety of 
experimental paradigms requiring the ability to divide attention between tasks or to maintain and 
coordinate between multiple tasks sets in working memory. In addition, age differences in 
performance have also been reported in paradigms that require the active suppression of irrelevant 
information to leave enough available capacity in working memory to pursue the task-goals. At a more 
general level, this ensemble of results suggest that reliable age differences in performance, above and 
beyond those predicted on the sole basis of a reduction in processing speed, are more likely to be 
found in tasks requiring to maintain sets of relevant representations in an easy retrievable state, in the 
face of external or internal interference. Said somewhat differently, age differences in performance 
seems to be most likely found in tasks largely demanding in attentional control. 
 
 
I.3. SUMMARY AND IMPLICATIONS FOR THE PRESENT WORK 
The present chapter was dedicated to describe current perspectives in cognitive aging. The first 
section was meant to bring an overview of the age-related changes in the organization of human 
behavior across the life span, with a special accent placed upon changes occurring in adulthood. The 
second section of the chapter was devoted to review some relevant empirical findings supporting 
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theoretical proposition made to account for the observed age-related changes in cognition in terms of 
general resources of “cognitive primitives”. In other words, the purpose of this introduction was to 
overview the what and possible why’s of cognitive aging. 
 
With respect to the what issue, empirical findings from the psychometric tradition have distinguished 
biologically-based fluid/mechanic abilities and culturally-based crystallized/pragmatic ones and 
demonstrated that these abilities follow different lifespan trajectories. Fluid abilities increase early in 
life, reach a steady state in younger adulthood and start to decline approximately in midlife. 
Oppositely, crystallized abilities start to increase later in childhood and decline later in adulthood than 
fluid ones (Horn, 1965, cited in Cattell, 1957). At both ends of the lifespan, crystallized abilities seem 
to rely upon fluid abilities, themselves constraints by biological factors. This particular dynamic is 
reflected, at the empirical level, by a process of differentiation-dedifferentiation of intellectual abilities 
(Reinert, 1970, see also Baltes, Cornelius, Spiro, Nesselroade & Willis, 1980). Early in life, when 
biological constraint are large, they heavily determine cognition, which progressively benefits from the 
growing influence of culture, learning and experience. Then, abilities depend less upon biological 
factors and tend to differentiate. Later in life, however, the progressive alteration of the structure 
underlying cognition, and particularly alterations of the brain, drives back the increase of biological 
constraints. Compensatory mechanisms may still operate awhile to keep the balance between gains 
and losses, but ultimately, the inevitable age-associated losses in biological efficiency fully constraints 
development, leading to a “mechanization” of the pragmatic abilities. Empirically, this dynamic is 
reflected by a progressive dedifferentiation of abilities and by an increasing influence of the general 
factor of intelligence (K. Z. H. Li & Lindenberger, 2002). Theoretically, this process of dedifferentiation 
has been attributed to an age-related increase in the dependency of the various abilities upon the 
common underlying physiological architecture of the central nervous system (Baltes & Lindenberger, 
1997; K. Z. H. Li & Lindenberger, 2002; S.-C. Li & Sikström, 2002; Lindenberger & Baltes, 1994). At 
the behavioral level, this common cause has been related to a very basic, innate, biologically 
determined and unlearned central organizing function akin to eminence (Galton, 1865a, 1865b), 
mental energy (Spearman, 1927), anlage (Horn, 1970), and more recently referred to as cognitive, 
attentional or processing resources (Baltes & Lindenberger, 1997; K. Z. H. Li et al., 2001; 
Lindenberger & Baltes, 1994; Salthouse, 1988a, 1991c).  
 
With respect to the why issue of cognitive aging, several general resources, or cognitive primitives, 
have been proposed in the literature to account for the age-related changes in cognition empirically 
pointed out by psychometric studies. Two distinct features characterize these general resources 
(Salthouse, 1991c): they are limited in availability (or capacity) and account for performance in a broad 
array of tasks. In the current cognitive aging literature, processing speed (Birren, 1965; Cerella, 1985; 
Salthouse, 1996; Welford, 1959), working memory (Salthouse, 1990), and attentional executive 
processes (Verhaeghen et al., in press) such as inhibition (Hasher & Zacks, 1988; Hasher et al., 
1999), coordination (Verhaeghen et al., 2003) and more recently task switching (Mayr et al., 2001) are 
the most acknowledged candidates. In reviewing the empirical evidence supporting each of these as 
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general resources, we noted that while age difference were reported in each of them, the results were 
differentially convergent. Ultimately, the noticeable discrepancy was attributed to an heterogeneity in 
the tasks under investigation and to methodological and sample differences. It was further argued, 
however, that whenever reliable age differences were reported, they appeared in tasks requiring the 
ability to maintain sets of relevant representations in an easily retrievable state, in the face of external 
or internal interference, hence in tasks requiring a high degree of attentional control. This construct is 

















Attentional, cognitive control is a function that is undoubtedly tight to the construct of working memory, 
for it has been considered as a central component in many, if not all, proposed models (Miyake & 
Shah, 1999). Cognitive control and working memory play a crucial role in many aspect of cognition 
(Baddeley, 1986; Engle, 1996; Engle & Kane, 2004) and are central to intellectual development (de 
Ribaupierre, 2001, 2005). 
 
II.1. GENERAL CONSIDERATIONS 
The dynamic attentional feature that links cognitive control to cognition has been conceptualized into 
various ways, and can be assimilated to constructs such as the field of centration (Piaget, 1923), the 
focus of attention (Cowan, 1995, 1999), the field of mental attention (Pascual-Leone & Ijaz, 1989), the 
short-term mental capacity (Case, 1974, 1985), the short-term store capacity (Atkinson & Shiffrin, 
1971), the working memory capacity (Baddeley, 1993; Engle & Kane, 2004) and to executive attention 
(Engle, 2002; Engle & Kane, 2004). In many models, cognitive (Braver & Cohen, 2000) or executive 
(Monsell & Driver, 2000) control is regulated by a system such as the supervisory attentional system 
(Norman & Shallice, 1984) or the central executive (Baddeley, 1986, 1996a), responsible for allocating 
attentional resources and manage controlled (W. Schneider & Shiffrin, 1977), intentional (Jacoby, 
1991), conscious (Posner & Snyder, 1975) or else effortful (Hasher & Zacks, 1979) processes. Over 
the past three decades or so, the fantastic development of brain imaging techniques has allowed to 
implement working memory and attentional control into the normal brain, and to point out the central 
role played by the prefrontal cortex in the regulation of behavior (D'Esposito et al., 1998; E. E. Smith, 
2000; E. E. Smith & Jonides, 1997, 1999), over and beyond the compiling evidence already brought 
by studies of brain damaged patients (Botez, 1996; Burgess, 1997; Kimberg, D'Esposito, & Farah, 
2000; Luria, 1966; B. L. Miller & Cummings, 1999; van der Linden, Seron, Le Gall, & Andrés, 1999). 
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As suggested by this short introduction, many models and theoretical perspectives have been 
proposed to account for working memory and attentional control (see Miyake & Shah, 1999 for a 
recent extensive review). Although fairly all models provide interesting views with respect to the 
present work, a choice was made to focus on three perspectives: the model of working memory 
initially proposed by Baddeley and Hitch (1974; 1994) and subsequently developed by Baddeley 
(1986; 1996b; 2003), the two factor theory of cognitive control proposed by Engle (1996; 2001; Engle 
& Kane, 2004) and the model of working memory proposed by Cowan (1995; 1999). This choice was 
driven by several arguments. First, the three perspectives place a different accent on either the 
structure or the function of working memory: whilst Baddeley’s model emphasizes the architecture of 
working memory, Engle and Cowan perspectives mainly focuses upon its function. As such, these 
perspectives bring different, although not exclusive, highlights to the construct of working memory.  
 
Second, the three models hold characteristics that are of particular relevance in regards of the present 
work. Baddeley’s model was chosen because it constitutes a useful heuristic to devise experiments in 
the gait to understand both behavioral and brain functions. At the behavioral level, Baddeley’s model 
has provided an interesting account of dual-task performance, as well as an attractive framework to 
understand age differences in working memory and cognition (e.g., Andrés & Van der Linden, 2000; 
Belleville et al., 1998; van der Linden, 1995). In addition, a substantial part of the work conducted on 
working memory using brain imaging techniques has referred to Baddeley’s model and tried to “map” 
its components onto brain structures (E. E. Smith & Jonides, 1997).  
With respect to Engle’s perspective, this choice was driven because this perspective addresses the 
issue of individual differences in working memory capacity and how these account for higher order 
cognition. Of particular relevance to the present work, is the extreme-group design methodology used 
by Engle and colleagues in most experiments to investigate both quantitative and qualitative 
differences across individuals with higher and lower working memory capacity. Because these 
individual differences are central in the development of the theory, and because such an extreme 
group methodology was used in the behavioral experiment conducted in the present study, an 
extensive review of Engle’s experimental work will be provided in parallel to his theoretical 
propositions.  
Finally, Cowan’s model was chosen because it provides an account of developmental differences in 
working memory. Although it focuses on child development, it may still be useful in understanding 
changes that occur in late adulthood, a section of the lifespan for which there are fewer existing 
general integrated frameworks - eventually aside from those proposed by Craik (e.g., Craik & Byrd, 
1982) or Hasher and Zacks (1988)24 - accounting for differences in working memory and cognition. 
Thus, with some reserve that may be attributed to differences in the target age population, Cowan’s 
model was chosen as a sample case to account for age-related differences in working memory.  
 
                                                 
24 To our view, Craik’s resource reduction hypothesis is the “trailer” of the story, for it is rather general and does not consider 
cardinal processes, while Hasher and Zacks’ inhibition account provides only a single “episode” of the story by not directly 
considering alternative mechanisms such as activation. 
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The three models of working memory and the associated theoretical propositions are discussed in 
more details next, starting with the model of Baddeley and Hitch focusing on the architecture, followed 
by the theoretical perspective proposed by Engle in regards of individual differences in working 
memory capacity and ending with the model proposed by Cowan to account for age differences in this 
construct. Concluding comments will close this Chapter. 
 
II.2. THE ARCHITECTURE OF WORKING MEMORY: BADDELEY 
The term “working memory” has been popularized in the literature in 1974 by Baddeley and Hitch. 
These authors proposed a functional specialized system based on findings from a series of 
experiments devised to assess the hypothesis of a common memory system involved in learning, 
reasoning and comprehension (Baddeley & Hitch, 1974). In their gait, Baddeley and Hitch challenged 
and further questioned the leading view at the time, the stage theory proposed by Atkinson and 
Shiffrin (1968; Shiffrin & Atkinson, 1969). According to this view, memory is composed of a sensory 
register, a short-term store and a long-term store. Information passes from the sensory register to 
short-term store, itself considered as the only gate to the long-term store. The information held in the 
short-term store is verbally encoded and can be lost in few seconds unless somehow repeated. When 
rehearsed, material then passes through the long-term store and is then semantically encoded. In a 
subsequent development of stage theory, Atkinson and Shiffrin (1971) proposed that the short-term 
store could be divided into two components: a operational “working memory” component providing 
general purpose processing resources and a control component embedding content specific coding 
and rehearsing processes, decision rules, organizational schemes, retrieval strategies, problem 
solving and imagery techniques. One crucial aspect of the Atkinson and Shiffrin model that was 
particularly challenged, was the staging from the short-term to the long-term memory store. Indeed, 
cases of brain damaged patients exhibiting a short-term recall of two items but showed no or only 
slight defective long-term learning were reported in the literature (Shallice & Warrington, 1970; 
Warrington, Logue, & Pratt, 1971; Warrington & Shallice, 1969). Second, there was a lack of 
supportive evidence for the involvement of the short-term store, and particularly its general purpose 
“working” component, in higher order cognition. Baddeley and Hitch (1974) conducted a series of ten 
experiments devised to further address this particular assumption and from their findings, they 
proposed the first outline of what has undoubtedly become the most prominent model of working 
memory in the literature.  
 
II.2.1. THE INITIAL SKETCH OF THE MODEL  
In their seek to question the account of short-term memory store in higher order cognition, Baddeley 
and Hitch (1974) investigated three primary tasks assessing verbal reasoning, verbal comprehension 
and memory retrieval. The reasoning task consisted in providing participants with series of sentences 
in the form of “A is not preceded by B” followed by the presentation of letter pair, such as “AB”, either 
concordant with the sentence or not. Participants were requested to make a true/false statement about 
the pair. In the comprehension task, participants listened to spoken prose passages and were 
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subsequently required to complete blanks introduced in the typed scripts of the passages they heard. 
Finally, retrieval from memory was assessed by means of a free recall task in which participants were 
required to recall a list of 16 unrelated words. All three tasks were administered under different 
experimental conditions. The first manipulations consisted in introducing a preload of verbal material 
prior to the task. The rationale was that either a preload would saturate the short-term store and 
diminish performance, provided that the primary task completely relied on this system. The second 
manipulation consisted in administering a concurrent load of verbal material to the primary task. The 
rationale was that if performance relied on a general working memory resource, both the primary and 
the secondary task would draw on it and performance would decrease. A third manipulation consisted 
in making the task material phonologically similar, with the assumption that phonological similarity 
would affect performance if the short-term store plays a role in the primary task. A fourth and final 
manipulation involved requiring the participants to continuously repeat “the” while doing the primary 
task. Again, the assumption was that if the short-term store was implicated in higher cognition, then 
such a mobilization of the rehearsal mechanism would prevent conducting the primary task 
adequately. The findings were summarized by Baddeley and Hitch (1974) as presentend in Figure 1.  
 
 
Figure 1. Summary of the results from the series of experiments conducted by Baddeley and Hitch. 
Reproduced from Baddeley and Hitch (1974). 
 
 
From this summary, it first appears that the experimental manipulations had similar effects on all three 
higher order cognition tasks, hence suggesting the involvement of a common underlying system. 
Second, preload and concurrent load of 1 to 3 items had virtually no impact over performance, to the 
contrary of a concurrent load of 6 items which had a detrimental effect upon it, to the exception of the 
recency component of the free recall task. This suggests that the system’s limited capacity can be 
divided between processing and storage, at least to a certain extend. Third, the decrease in 
performance associated with the phonemic similarity effect suggests that information is phonemically 
coded, a characteristic that was already considered by Atkinson and Shiffrin (1968; 1971) model of 
short-term store. Finally, because of the a decremental effect of articulatory suppression, rehearsal 
routines seem to play an important role in accounting for higher order performance.  
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From these findings, Baddeley and Hitch proposed that working memory consists in a system of a 
limited capacity which can be divided between storage and control processing demand. De facto, 
storage and processing are meant to depend upon two distinct component: one that is dedicated to 
storage, “the phonemic loop”,  the other being a general purpose workspace, the “central executive”. 
This latter component is the most flexible of the system and is responsible for setting up the phonemic 
rehearsal routines. When the memory load does not exceed the phonemic buffer of the phonemic 
loop, little demand is placed upon the central executive. However, when the storage capacity is 
overloaded, the central executive devotes to storage. It presumably recodes the material, applies 
chunking strategies and dedicates “more attention” to retrieval. Although this first outline was 
developed on the basis on verbal tasks, Baddeley and Hitch further hypothesized that the central 
executive may function as a general purpose central processor and thus apply as well to visual 
content material. Baddeley and Hitch (1974) finally briefly suggest that the system may hold many 
content specific components comparable to the “phonemic loop”. Ultimately they propose the outline 
of a working memory system embedding a core central executive component flanked by various 
content-specific storage components. 
 
It is interesting to point out that, in this first outline of the working memory model, the function of the 
system was of primary concern. Indeed, the central feature of the model is the clear functional 
distinction introduced between the short-term store and working memory, in the sense that the later 
comprises both a “buffer-storage and a control-processing function” (Baddeley & Hitch, 1974, p. 82). 
In later developments of the model, however, the emphasis was more largely placed upon the 
system’s architecture, as depicted in the following section. 
 
II.2.2. THE TRIPARTITE MODEL  
The later developments of the working memory model concentrated on the fractionation of the system 
and a more extensive specification of its components (Baddeley & Hitch, 1994). A large part of the 
model was elaborated from findings reported in experimental studies conducted mainly on younger 
adults, but additional evidence were brought trough neuropsychological case reports. According to the 
model, working memory is a system that comprises a central executive, viewed as an attentional 
controller, in addition to two subcomponents, the phonological loop and the visuo-spatial sketchpad, in 
charge of the temporary maintenance and manipulation of speech-based and visuo-spatial 
information, respectively.  
 
The distinction between two separate subcomponents responsible for the temporary maintenance of 
verbal information, on the one hand, and visual and spatial information on the other, was supported by 
two lines of evidence, the first provided by experimental studies using the interferent dual-task 
paradigm (Baddeley & Hitch, 1994) and the second, provided by neuropsychological double 
dissociations (de Renzi & Nichelli, 1975). Selective interference has been a major source of evidence 
acknowledging the distinction between the two separate subsystems, as well, as for determining the 
Chapter II 
Attentional control: Theoretical perspectives 
 61
nature of each of them. As an example, the distinction between the phonological loop and the visuo-
spatial sketchpad was supported by findings from Baddeley, Grant, Wight and Thompson (1975) 
showing that a visuo-spatial tracking task disrupted performance on Brook’s (1967) spatial task while 
leaving unaffected the corresponding abstract, verbal-based task. Similarly, Logie (1986) pointed out 
that passively watching irrelevant patterns disrupted an imagery mnemonic while it had no deleter 
effect upon performance in a rote verbal memorization task. Conversely, listening to irrelevant speech 
decreased the performance in the verbal memory task, but had no impact upon the realization of the 
imagery strategy. Aside from these experimental evidence, neuropsychological double dissociations 
further supported the distinction between the phonological loop and the visuo-spatial sketchpad. As 
reported by de Renzi and Nichelli (1975), some right brain-damaged patients demonstrate normal 
auditory-verbal performance but a drastic impairment in tasks assessing memory for spatial locations. 
Oppositely, cases were described in which left brain-damaged patient exhibited the reverse pattern of 
performance, with preserved verbal recall and large impairment in visuo-spatial performance (Hanley, 
Young, & Pearson, 1991).  
 
Figure 2. The tripartite model of working memory. Reproduced from Baddeley (2003). 
 
 
II.2.2.1. THE PHONOLOGICAL LOOP  
The phonological loop is undoubtedly the component of the model that has been the most extensively 
studied. This component, responsible for the storage and manipulation of speech-based information, 
is assumed to be composed of a phonological store, in which memory traces can be maintained for a 
few seconds, and of an articulatory control process, capable of refreshing the information in the store 
by means of an articulatory based subvocal rehearsal.  
 
II.2.2.1.1. EXPERIMENTAL EFFECTS 
Experimental evidence supporting the functional structure of the phonological loop comes from four 
clusters of findings revealing specific effects, namely the phonological similarity effect (Conrad & Hull, 
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1964), the word length effect (Baddeley, Thompson, & Buchanan, 1975), the irrelevant speech effect 
(Colle & Welsh, 1976), and the effect of articulatory suppression (Baddeley & Hitch, 1974). 
 
II.2.2.1.1.a. The phonological similarity effect 
The phonological similarity effect (Conrad & Hull, 1964) denotes a reduction of the short-term memory 
performance when the material to be memorized has phonological resemblance. This effects supports 
the assumption that the information entering the loop is phonologically coded. It is present upon visual 
and auditorily presentation of speech-based information. Children aged 8 or older, as well as younger 
adults also demonstrate a phonological similarity effect in visual tasks, in conditions in which the 
name, but not the shape, of images share similarity. This indeed suggests that images may be 
phonologically recoded. However, phonological (re)coding is meant to be an optional strategy, for it is 
not present before 8 years in children for visual material (Halliday, Hitch, Lennon, & Pettipher, 1990), it 
does not occurs when the phonological loop is impaired (Vallar & Baddeley, 1984) and it is no longer 
used when the memory span is reached (Gathercole & Baddeley, 1990). 
 
II.2.2.1.1.b. The word length effect 
The word length effect (Baddeley, Thompson et al., 1975) denotes a reduction of the short-term 
memory performance when the spoken length of the items to be recalled is increased. This effects 
supports an articulatory based rehearsal mechanism. The crucial factor accounting for this effect 
appears to be the spoken – or articulatory - duration of the items, rather than the absolute length of the 
words. Indeed, it is largely reduced when the syllabic length is held constant or when words can be 
truncated during rapid rehearsal (e.g. balloon to b’loon) (Caplan, Rochon, & Waters, 1992). This 
effects demonstrates a developmental trend, for it present only in children from age 4, upon auditory 
presentation. In addition, the speed of articulation is meant as a limiting factor in refreshing the 
memory traces, as suggested by findings demonstrating that, in children, the speed of articulation 
predicts short-term memory span (Hitch & Towse, 1995). Furthermore, subvocal rehearsal seems to 
involve central programming of speech rather that its overt input, for it is present in patients with vocal 
articulation impairment (Baddeley & Wilson, 1985), but absent in dyspraxic patients who have 
disrupted programming of speech (Rochon, Caplan, & Waters, 1991). It appears that auditory input 
feeds directly into the phonological loop. Visual input may also enter the loop, but needs to undergo an 
phonological recoding process (Baddeley, 1986).  
 
II.2.2.1.1.c. The irrelevant speech effect 
The irrelevant – or unattended - speech effect (Colle & Welsh, 1976) denotes a reduction of the short-
term memory performance when irrelevant, to-be-ignored, material is concurrently auditorily presented 
to the serial recall task. This effects supports the direct feed of speech-based material into the 
phonological loop. It was demonstrated that speech based and music impair performance, while white 
noise does not. Furthermore, the effect does not depend upon lexical or semantic properties of the 
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spoken material and does not interact with the phonological similarity effect when items to be recalled 
are phonologically similar (Salamé & Baddeley, 1982, 1986, 1989).  
 
II.2.2.1.1.d. The articulatory suppression 
Finally, the articulatory suppression effect (Baddeley & Hitch, 1974) denotes a reduction of the short-
term memory performance when participants are required to utter an irrelevant sound, such as “the”, 
while doing an immediate free recall task. This interferent task is meant to disrupt subvocal rehearsal, 
because under articulatory suppression, the word length effect, attributed to the speed of rehearsal, is 
abolished (Baddeley, Lewis, & Vallar, 1984). 
 
 
Figure 3. A functional model of the phonological loop. Reproduced from Baddeley (2003). 
 
 
II.2.2.1.2. THE FUNCTIONAL SIGNIFICANCE OF THE PHONOLOGICAL LOOP 
The phonological loop is meant to play a role in language processing by providing a backup system 
that operates in real time. Support for this assumption is brought by neuropsychological studies 
showing that patients with a reduced short-term memory are affected in language comprehension, 
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especially in tasks that require the maintenance of surface information across intervening text 
(Baddeley & Wilson, 1985; Vallar & Shallice, 1990, but see Butterworth, Campbell, & Howard, 1986). 
Furthermore, the phonological loop is meant to play a role in language acquisition, as suggested by 
findings showing that children with a specific language disability but normal intelligence, audition and 
speed of articulation, are particularly hampered when required to repeat unfamiliar nonwords25 
(Gathercole & Baddeley, 1990). 
 
 
II.2.2.2. THE VISUO-SPATIAL SKETCH PAD  
The second subcomponents of the system, the visuo-spatial sketchpad, is involved in the short-term 
maintenance and manipulation of visual and spatial information. As its verbal counterpart, this 
subcomponent has a limited capacity, restricted to about three to four objects, such as color, location 
and shapes (Baddeley, 2003). By analogy to the functional structure of the phonological loop, Logie 
(1995; Logie & Pearson, 1997) proposed to fractionate the visuo-spatial sketchpad into two 
components, a passive visual storage component, the visual cache or inner eye, and a dynamic 




II.2.2.2.1. EXPERIMENTAL EFFECTS 
To the contrary of the research conducted on the phonological loop, much lesser evidence was 
brought from experimental effects to characterize the functional structure of the visuo-spatial 
sketchpad. These are in the number of two: the visual similarity effect and the visual-spatial distinction. 
 
II.2.2.2.1.a. The visual similarity effect 
The visual similarity effect denotes a reduction of the short-term memory performance when the visual 
images to be memorized share similar features. Visual similarity was assumed to disrupt visual 
processing and consequently provide some support to the assumption that visual information is held 
based on its features. However, when found, the visual similarity effect was rather small. Furthermore, 
it was reported only when verbal recoding was unlikely, as in younger children (Hitch, Halliday, 
Schaafstal, & Schraagen, 1988), or under condition of articulatory suppression (Hitch, Woodin, & 
Baker, 1989). 
 
II.2.2.2.1.b. The visual-spatial distinction 
Among the convergent and robust findings in relation to the nature of the visuo-spatial sketch pad is 
the clear distinction between the spatial and visual (or object, e.g., E. E. Smith et al., 1995) memory. 
This distinction finds large empirical evidence both in neuropsychological findings, and experimental 
results. An example of experimental evidence can be found in Baddeley and Lieberman’s (1980) 
                                                 
25 Unfamiliar nonword repetition, as a measure of short-term memory span, was shown to be a good predictor of the acquisition 
of vocabulary (Gathercole & Baddeley, 1989), syntax (Adams & Gathercole, 1996) and new foreign language (Service, 1992) in 
children. 
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results from an study in which participants were required to track an auditory source, which is 
assumed to rely on a spatial store. Under blindfolded conditions, which draws on spatial resources, 
tracking performance decreases, while it remains unaffected when a brightness monitoring task with 
no spatial content is presented. These findings imply that participants use a spatial, non visual, 
storage system to maintain the information. They also suggest that maintenance is achieved by 
means of eye movements. Another example is provided by Della Sala, Gray, Baddeley, Allamano and 
Wilson (1999). These authors provided their participants with the Corsi Blocks task and the Pattern 
Span task, both administered under conditions of visual or spatial interference. The findings 
demonstrated that the Corsi task was largely disrupted by spatial interference while performance was 
fairly unaffected by visual interference. The reverse pattern was observed for the Pattern Span task. 
 
As concerns evidence brought by neuropsychological studies, Farah, Hammond, Levine and Calvanio 
(1988) reported the case of a patient suffering from an bilateral temporo-occipital lesion, associated 
with a right temporal and inferior frontal damage, that was particularly hampered in tasks relying on 
visual imagery, while being able to conduct spatial tasks fairly normally. In the same vein, Hanley, 
Young and Pearson (1991) reported the case of a patient suffering a right-hemisphere damage, who 
was affected in various visuo-spatial tasks. In most, but not all, tasks engaging spatial abilities, the 
patient demonstrated severe performance impairment. Oppositely, in some, but again not in all, tasks 
engaging visual imagery, the patient demonstrated a relatively preserved performance. Although the 
pattern of performance was not very clear-cut and favored a general dysfunction visuo-spatial sketch 
pad with a preserved ability to generate images from long-term memory, the differential performance 
also partially supported the distinction between visual and spatial stores. Altogether, these findings 
support the distinction between visual and spatial memory, that finds it neurofunctional corollary in the 
“what-temporal” and “where-parietal” pathways described by Ungerleider et al. (Courtney, Ungerleider, 
Keil, & Haxby, 1996; Mishkin, Ungerleider, & Macko, 1983; Ungerleider, Courtney, & Haxby, 1998). 
 
 
II.2.2.2.2. THE FUNCTIONAL SIGNIFICANCE OF THE VISUO-SPATIAL SKETCHPAD 
Although there is an ever growing body of research devised to investigate the nature and function of 
the visuo-spatial sketchpad, the findings remain poorly integrated and consequently, the functional 
significance of this component remains partially speculative. Nonetheless, the visuo-spatial sketchpad 
is assumed to be involved in planning and executing spatial tasks, in keeping tack of changes in the 
visual environment, in maintaining orientation in space, in acquiring knowledge about the appearance 













II.2.2.3. THE CENTRAL EXECUTIVE  
As suggested in the section presenting the first sketch of the model, the central executive was initially 
conceived as an ill-defined general construct used mainly to integrate the notions of control and 
executive processes into the working memory model. About ten years after the initial proposition, 
Baddeley (1986) tentatively described in more details this component by assuming it to be comparable 
to the Norman and Shallice (1984) Supervisory Attentional System. However, as pointed out by 
Baddeley himself, this view left open objections that “the central executive was just a convenient 
homunculus – a little man who sits in the head and in some mysterious way makes important 
decisions” (Baddeley, 1996a, p. 6). In the most recent developments of its description (Baddeley, 
1996a), specific functions were attributed to the central executive, conceiving it, in the end, as an 
attentional controller responsible for dual task coordination, switching retrieval plans, selective 
attention and activation from long-term memory.  
 
 
II.2.2.3.1. THE NORMAN AND SHALLICE SUPERVISORY ATTENTIONAL SYSTEM 
Norman and Shallice (1984) were interested the control of action and in the way motor sequences can 
be carried out under deliberate conscious control. To account for motor control, the model proposed 
two complementary processes: a) a contention scheduling, which acts to avoid conflicts in 
performance through activation and inhibition without direct attentional control needs, and b) a 
supervisory attentional system (SAS), which acts when the task is novel or complex and operates by 
application of additional activation and inhibition to motor schemas, so to biais their selection by the 
contention scheduling mechanism. The contention scheduling is meant as fairly automatic, while the 
SAS is associated with deliberate conscious control. Attention is a meant to increase activation or 
inhibition, but does not participate to select the appropriate response, which is done by the contention 
scheduling on the basis of the ultimate activation values. Thus, in the model, well-learned procedure 
do no require control. “Higher-level control becomes necessary only if error correction and planning 
have to be performed, if the situation is novel or temptation must be overcome” (p.8). Norman and 
Shallice (1984) further proposed to relate the function of the Supervisory Attentional System to the 
prefrontal regions of the brain. Indeed, these areas have been involved in programming, verification 
and regulation of cognitive activity and, when damaged, automatic and well learned behavior is left 
unaffected. Furthermore, the difficulties in error correction and sequence planning observed after 
prefrontal lesion were related to the deficits that would be expected if the Supervisory Attentional 
System were altered and behavior only regulated by the Contention Scheduling.  
 
Largely inspired by these propositions, Baddeley (1986) defined the Central Executive as an 
attentional controller, functionally grossly similar to the Supervisory Attentional System, in charge of 
regulating and monitoring relevant actions and inhibit irrelevant ones. In later developments, more 
specific functions were attributed to the central executive, by taking a perspective willingly distinct from 
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II.2.2.3.2. THE FUNCTIONS OF THE CENTRAL EXECUTIVE 
In a paper published in 1996, Baddeley developed some propositions about the functions of the 
central executive and discussed the issue of the unity of the component (Baddeley, 1996a). According 
to his view, the central executive is the principal component of the model. It is a general purpose 
attentional controller that, contrary to the slave systems, does not have any storage property. 
Nonetheless, working memory is not working attention because temporary storage, attributed to the 
slave systems, is an essential feature of the model as a whole. In reverse, storage crucially depends 
on attentional control processes (Baddeley, 1993). In the model, Baddeley (1996a) attributed four 
functions to the central executive: to co-ordinate the activity of the two slave systems, to switch 
between retrieval plans, to manage the allocation of attentional resources so to attend selectively to 
one stream of information while discarding the others and to temporarily activate information from 
long-term memory. These four functions are detailed next. 
 
 
II.2.2.3.2.a. Coordination and time sharing 
The coordination of the information from the two slave systems may be assessed by means peripheral 
simple tasks recruiting each of the slave systems run concurrently. With respect to this function, a 
sample case was made from a series of studies conducted on Alzheimer’s patients. In these 
experiments, the peripheral simple tasks consisted in a digit span and a tracking task that were 
administered concurrently to patients suffering from Alzheimer’s disease, as well as to younger and 
older healthy adults (Baddeley et al., 1986). Both tasks were adapted to individual performances prior 
to the concurrent administration to equate for baseline performance. Findings revealed that although 
participants were matched on baseline performance, Alzheimer patients demonstrated a specific 
impairment under dual-task situation. This was not the case either for the older, nor for the younger 
adults. Similar findings have been recently reported by Baddeley, Della Salla, Gray, Papagno and 
Spinnler (1997), Baddeley, Baddeley, Bucks and Wilcock (2001) and Logie, Cocchini, Della Sala and 
Baddeley (2004) with a paper and pencil version of the tracking task. Interestingly enough, part of the 
sample of the Baddeley, Logie et al. (1986) study underwent two follow-up testing sessions conducted 
6 and 12 months later (Baddeley et al., 1991). Findings from this longitudinal study revealed that in the 
group of patients, the coordination ability suffered systematic deterioration over time, albeit no  
 
 
                                                 
26 This issue was firstly raised by Baddeley and Wilson (1988b) who argued that the investigations of the executive processes 
should be primarily conducted without any reference to anatomical localization in order to make a clear distinction between 
functional and anatomical concepts. Similarly that amnesic patients are not qualified as suffering from temporal or hippocampal 
syndrome, individuals with executive functions deficits should be qualified by a dysexecutive syndrome, rather than by the more 
covnentional frontal lobe syndrome. According to Baddeley and Wilson (1988b), a primarily functional description such as that 
proposed allows qualify a dysfunction of the central executive, that is not necessarily consecutive, or reduced to, frontal lobe 
damage per se. 
Chapter II 
Attentional control: Theoretical perspectives 
 68
significant decrease in performance in the tasks performed alone was reported. As in the cross-
sectional study, no corresponding impairment was demonstrated either by younger or by older control 
participants. These findings support that the central executive holds a coordination function, that may 
not only coordinate the activity of the two slave systems, but also, to a larger extend, coordinate the 
processing and storage components of tasks such as the Daneman and Carpenter’s (1980) Reading 
Span (Baddeley, 1992). 
 
 
II.2.2.3.2.b. Switching between retrieval plans  
Another function attributed to the central executive is switching retrieval plans, assessed by means of 
tasks such as the random generation. Random generation requires the production of numbers, letters 
or keypresse sequences, making the order as random as possible. It was shown that the faster the 
production rate, the lesser random the output. This effect was attributed to a failure to shift between 
different retrieval plans, and this switching function was assumed to depend upon a general purpose 
executive system. Findings from experiments using the interferent task procedure did support this 
assumption (Baddeley, 1996a). Indeed, in a series of experiments, a keypress random generation task 
was provided to the participants with concurrent digit span task, verbal fluency task or under 
articulatory suppression. Findings revealed that the performance in the random generation declined as 
a function of the concurrent load, but not under articulatory suppression  
 
II.2.2.3.2.c. Selective attention  
Selective attention involves to attend selectively to one stream of information while discarding the 
others. To assess this function, Baddeley (1996a) conducted a series of experiments using different 
variants of a task consisting in pressing a key whenever a specified stimulus occurred. Attentional 
manipulations were introduced in the task by a) presenting irrelevant stimuli and b) changing the 
modality of response during the task. Middle aged and older adults participated to the experiments. In 
a first experiment, four conditions were used: respond to visually displayed circles presented alone, or 
concurrently with irrelevant tones, respond to both circles and tones and finally switch between 
responding to circle or tones upon request. In a second experiment, tones were replaces by visually 
displayed triangles, hence making the stimuli belong to the same dimension. Results from these 
experiments revealed reaction time was slowed by irrelevant signal and by the requirement to switch, 
with larger effects when stimuli belonged to the same dimension. Moreover, age effects were 
consistent, but when stimuli belonged to a different dimension, these were abated by controlling for IQ 
or processing speed. This was not the case for stimuli belonging to the same dimension. In the latter 
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II.2.2.3.2.d. Activation from long-term memory  
The fourth function attributed to the central executive is the temporary activation of information from 
long-term memory. This function was suggested based on the case of a amnesic patient who 
demonstrated a score above average on immediate recall on the Logical Memory Test of the 
Wechsler Memory Scale, contrasting with a score of zero in the delayed recall test. According to 
Baddeley and Wilson (1988b), who reported the case, the good performance at immediate recall could 
not be attributed solely the slave systems, but rather to the ability to form a mental model based on the 
activation of information from long-term memory. Thus, the central executive is meant to be able to 
encode and retrieve information from both the slave systems and from temporarily activated 
components of long-term memory. 
 
 
II.2.2.4. DRAWBACKS OF THE TRIPARTITE MODEL 
Recently, Baddeley (2000; 2003) pointed out several drawbacks associated with the tripartite model. 
First, the tripartite model does not consider any mechanism allowing the phonological and visuo- 
spatial subcomponents to interact. However, several findings may not be accounted without 
considering any mechanism allowing such an interaction. The first striking finding is the fact that the 
articulatory suppression does not drastically reduce verbal serial recall, but only diminishes it from 
approximately 7 to 5 items (Baddeley et al., 1984). Another line of findings reveals that patients with a 
severely altered verbal short-term memory upon auditorily presentation can recall about four digits 
upon visual presentation (Baddeley, Vallar, & Wilson, 1987). Finally, recent results suggest that a 
visual similarity effect can disrupt performance in verbal serial recall (Logie, Della Sala, Wynn, & 
Baddeley, 2000). 
 
Second, the tripartite model lacks of any mechanism integrating information from different sources, 
and particularly between working memory and long-term memory. Example of findings supporting the 
need for such a mechanism if the fact that a span of 16 or more was reported when participants are 
required to perform a prose recall (Baddeley et al., 1987). Given that retrieving such a large number of 
items largely exceed the short-tem store capacity, Baddeley (2000) argues that some chunking 
strategy must be conducted to integrate the constituent words into smaller number of units, probably 
on the basis of information available in long-term memory. An additional question is the locus of 
temporary storage of these chunks. 
 
Third, the tripartite model lacks explanations for the fact that children seems to engage some kind of 
rehearsal before they use an actual subvocal rehearsal strategy. In addition, recall of words or digits 
that hold a lexical representation may involve long-term memory. Further, there is no account of 
rehearsal of shapes or objects that are not namable, aside possibly of eye movements. Hence, some 
form of general rehearsal may be considered. 
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According to Baddeley (2000; 2003), these drawbacks of the tripartite model call for the necessity to 
consider a store capable of drawing information from both the slave systems and long-term memory. 
More generally, they call for the necessity to solve the so-called “binding problem”, that is the question 
of how information from a range of separate sensory channels is bound together. Therefore, Baddeley 
(2000) proposed to modify the model by adding a fourth component: the episodic buffer. 
 
 
II.2.3. THE FOUR-COMPONENTS MODEL  
Integrating the episodic buffer into the tripartite model lead to a working memory system of four 
components (as represented in Figure 4.). The additional component, the episodic buffer, is assumed 
to be a limited capacity store binding together information to form integrated episodes. It is 
attentionally controlled by the central executive and accessible to conscious awareness. As such, the 
buffer is given a central role as acting as a global workspace. It is further assumed that the episodic 
buffer benefits from a multi-dimensional coding that allows different systems to be integrated and is 
regarded as the storage component of the central executive. Indeed, it is assumed that long-term 
information is temporarily downloaded into this separate component rather than simply activated 
directly in long-term memory. The central executive accesses the buffer by means of conscious 
awareness and may further influence its content by selectively attending to a given source of 
information, whether from the subcomponents, or from long-term memory. Finally, the episodic buffer 
is viewed as playing an important role in feeding information into and retrieve it from episodic long-
term memory. As such, it is considered as a cardinal component in the creation of new 
representations. 
 
Whether the episodic buffer actually consists in a separate additional component to the model or in 
further fractionation of the central executive remains still unclear. Nonetheless the emphasis placed 
upon the multi-componential view of working memory is maintained, to avoid reducing working 
memory as an activated portion of long-term memory. Above and beyond this recent theoretical 
modification, Baddeley himself call for empirical findings supporting the recently introduced episodic 
buffer into the functional architecture of his model of working memory. 
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Figure 4. The four components model of working memory. Reproduced from Baddeley (2003). 
 
 
II.2.3.1. THE FOUR-COMPONENT MODEL AND THE BRAIN 
As suggested by the numerous neuropsychological data from which the model was elaborated, there 
are strong relations between the working memory components proposed by Baddeley and their 
implementation in the brain. Case reports helped establish the distinction between the phonological 
loop and the visuo-spatial sketch pad (e.g.,Hanley et al., 1991), between the slave systems and the 
central executive (e.g., Baddeley & Wilson, 1988a, but see also van der Linden, Collette, & Seron, 
1992), between components of either the phonological loop (e.g., Baddeley & Wilson, 1985) and the 
visuo-spatial sketch pad (e.g., Farah et al., 1988; Wilson, Baddeley, & Young, 1999).  These findings 
(see also Vallar & Papagno, 2002 for a more extensive review), in addition to results from brain 
imaging experiments (for a review, see E. E. Smith, 2000; E. E. Smith & Jonides, 1997), lead 
Baddeley to propose a tentative mapping onto the brain of the various components of the model 
(Baddeley, 2003, see also E.E. Smith & Jonides, 1998). As reproduced in Figure 17, this mapping 
involves a variety of brain areas, with the ones located on the left hemisphere mainly associated with 
the phonological loop, and those located on the right hemisphere mainly associated with the visuo-
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CE, central executive; PS, Phonological store; AR, articulatory rehearsal; IS, inner scribe; VC, visual cache 
Figure 5. Tentative mapping of the working memory model components onto the brain. Adapted 





II.3. INDIVIDUAL DIFFERENCES IN WORKING MEMORY: ENGLE 
In Engle’s perspective, working memory capacity is about attention in the service of memory (Engle, 
2001), a view that is actually shared by others (e.g., Moscovitch, 1992). The most recent 
developments of Engle’s perspective, the “two-factor theory of cognitive control” (Engle & Kane, 
2004), finds its roots in series of experiments and theoretical propositions that can be granted as the 
premises of the more recent integrated framework. The first premise considered working memory as 
long-term activation (Cantor, Engle, & Hamilton, 1991; Engle, Cantor, & Carullo, 1992; Turner & 
Engle, 1986, 1989a), while the second premise called upon an inhibition account of working memory 
(Conway & Engle, 1994; Engle, 1996; Engle, Conway, Tuholski, & Shisler, 1995; Rosen & Engle, 
1997, 1998). The empirical findings upon which both premises are based are extensively reviewed, 
not only because they account for the theoretical propositions made by Engle, but most of all, because 
the methodology used – the extreme group design – is the one borrowed to be applied in the present 
work. Both premises converged towards the actual proposition that working memory capacity reflects 
executive attention, that is, the ability to keep task-relevant information in an active and easily 
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II.3.1. THE FIRST PREMISE: WORKING MEMORY AS LONG-TERM 
ACTIVATION 
The first developments of Engle’s perspective were based on series of findings suggesting that a) 
working memory is a single unitary resource, transcending a variety of cognitive representations 
(Turner & Engle, 1986, 1989a) b) implicated whenever information must be temporarily activated and 
maintained above a given threshold (Cantor & Engle, 1993; Cantor et al., 1991; Engle et al., 1992). 
 
Empirical findings supporting the assumption of working memory as a single unitary resources were 
discussed in series of experiments conducted by Turner and Engle (1986; 1989a). The authors used 
different variants of complex span tasks, to challenge the hypothesis held by Daneman and Carpenter 
(1980) stating that working memory capacity was task-dependant. Daneman and Carpenter (1980) 
indeed suggested that specific processing skills accounted for individual differences in complex span 
tasks such as the Reading Span they devised. In this task, participants are required to process series 
of sentences while simultaneously maintaining the end-words. According to Daneman and Carpenter 
(1980), the better individuals are at reading, the faster they process the sentences and hence, the 
larger the remaining storage capacity in working memory to temporarily store information. In this view, 
working memory is content-dependant. Turner and Engle (1986; 1989a; 1989b) however, provided 
evidence that individual differences in working memory capacity could not be accounted for by 
individual differences in specific skills. They devised different variants of working memory tasks, in 
which either sentences or mathematical operations were to be processed, in addition to words or digits 
to be temporarily maintained. Four tasks were used: a Sentence-Word Span, similar to the Daneman 
and Carpenter’s Reading Span, a Sentence-Digit Span, an Operation-Word Span and an Operation-
Digit Span. The tasks were administered according to a standard span evaluation procedure by 
increasing length of the series from two to five items, with three items at each length. Performance in 
these tasks, assessed by the maximum set size at which 2/3 of the items were successful, was 
correlated with reading comprehension measures such as the Nelson-Denny and the verbal SAT 
score (VSAT). Findings demonstrated that performance in all four working memory tasks significantly 
correlated with the comprehension measures. They further revealed that, contrary to working memory, 
individual differences in short-term memory, assessed by means of Digit and Word Span tasks, did not 
predict performance in reading comprehension, as revealed by non significant correlations across 
either sets of measures. Hence, the findings suggested that working memory capacity is indeed a 
general purpose content free capacity and that this capacity is a better predictor of comprehension 
than - and thus distinguished from - short-term memory capacity. 
 
In a second series of experiments, Engle Cantor and Carullo (1992) further challenged the general 
capacity hypothesis (Turner & Engle, 1986, 1989a), against three other alternatives: 1) the general 
processing hypothesis (Case, 1974, 1985) that attributes differences in working memory capacity to a 
general processing efficiency, 2) the task-specific hypothesis (Daneman & Carpenter, 1980) that calls 
upon individual differences in specific processing skills, 3) the strategic allocation hypothesis 
(Carpenter & Just, 1989), that suggests that differences reside in the way resources are allocated 
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between processing and storage. Engle et al. (1992) devised the experiments to assess the time 
spent on processing, either alone or embedded in a complex span tasks, and questioned whether or 
not processing accounted for working memory capacity on the one hand, and VSAT and QSAT on the 
other. Processing (or viewing) time was measured by means of moving window technique, and 
participants paced themselves through math operations (Experiment 1) or sentences (Experiment 2) 
of an Operation-Word Span and a Sentence-Word Span tasks, administered without or with the 
storage requirements. The results were fourfold. First, individuals with high and low working memory 
spans did not differ in the way they conducted the storage-free tasks. However, in the load condition, 
high spans spent significantly more time than low spans on the first and last components of the 
working memory tasks, and on the to-be-remembered words. Second, the time spent on the 
processing components did correlate with the QSAT and VSAT scores, in both the storage-free and 
the complex span tasks. The correlations between QSAT and VSAT and the time spent on the to-be-
remembered word were not significant. Third, the correlation between the time spent on the to-be-
remembered words and the absolute span measure was significant, contrary to the correlations with 
the processing component times. Finally, the span measures significantly correlated with VSAT, and 
this correlation remained significant after the processing time was partialed out. These findings lead 
Engle et al. (1992) to conclude that processing efficiency alone did not capture individual differences 
in working memory, but that instead, individual differences were driven by the amount of activation 
available to the individual to retrieve information from long-term memory.  
 
The third series of experiments (Cantor & Engle, 1993) was conducted to specifically address the 
activation issue by means of a paradigm assessing the fan effect. In this paradigm, participants are 
presented with simple sentences such as “the LAWYER is in the PARK”. The number of sentences 
that share concepts (LAWYER or PARK) is manipulated and it is assumed that the size of the network 
developed in long-term memory (i.e. the propositional fan size) varies accordingly. After the sentence 
learning phase, participants are provided with a sentence verification task. The fan effect refers to the 
increase of verification times and error rates as a function of the fan size. This effect is attributed to the 
fact that as the fan size increases, the amount of activation that can be attributed to each concept 
decreases (J. R. Anderson, 1983b). Provided that cognitive operations are triggered by concepts only 
if they reach a given threshold, the larger the fan size, the more difficult the pattern matching, and 
hence, the longer it takes to respond. However, it was also demonstrated that when concepts are 
thematically related, the fan effect is reduced. This has been attributed to the possibility of making 
higher order thematical concepts by chunking propositional ones, hence reducing the number of units 
that need to be simultaneously activated (Reder & Anderson, 1980). Cantor and Engle (1993) 
provided their participants either with a standard version of the paradigm, thus manipulating only the 
fan size (Experiment 1), or with a modified version in which concepts were related by themes 
(Experiment 2). In addition, they used the Operation-Word span to assess working memory capacity. 
Results demonstrated that individuals with lower working memory capacity had a larger fan effect than 
the individuals with higher capacity, which suggested individual differences in the amount of activation 
that could be attributed to activate the relevant concepts. In addition, the findings revealed that low 
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span individuals were lesser incline than high span ones to group propositional concepts into 
thematical ones, which again, was attributed to a reduction in the amount of activation available to the 
system. 
 
In a final series of experiments, Rosen and Engle (1997)  used a verbal fluency task to question the 
activation account in memory retrieval. Participants were administered a verbal fluency task, in which 
they were required to provide as many as possible animals names during 10 minutes, as well as an 
Operation-Word Span task to assess working memory capacity. The fluency task was either presented 
alone (Experiment 1), under concurrent load consisting in reading digits (Experiment 2), or after 
having perfectly learned a lists of 12 frequent animal names or building parts that were to be avoided 
during the fluency task (Experiment 3). In a last experiment (Experiment 4) Rosen and Engle (1997) 
investigated the number of resampled responses under load condition. The results first demonstrated 
that high span individuals produced more animal exemplars than low span individuals, and that the 
difference between groups increased with the duration of the task. This suggested that individuals with 
larger working memory capacity were able to spread activation through a larger number of units than 
individuals with lower memory capacity. Second, the decrease in performance associated with 
concurrent load was larger for high spans than for low spans, suggesting that high and low spans 
relied on different strategies to retrieve exemplars. More precisely, Rosen and Engle (1997) proposed 
that retrieval was automatic for low spans, whereas it was conducted under attentional control by high 
spans. Third, the findings revealed that the performance of high span individuals was more affected by 
previous learning than that of the low span individuals, and that, irrespective of the relatedness of the 
words previously learned. Finally, the results demonstrated that low span individuals were more likely 
to resample exemplars than high span individuals. Based on these findings, Rosen and Engle (1997) 
argued that while high and low span individuals differed in the amount of activation available to spread 
across exemplars, either group conducted the retrieval process differently. High span individuals were 
supposed to rely on controlled processed and hence, produced more exemplars, were more 
susceptible to concurrent load, but less incline to repetitions. To the contrary, low span individuals 
were thought to rely on more automatic retrieval processes, and thus, produced a lesser amount of 
exemplars, although more repetitions, but were not hampered by concurrent load 
 
Based on these results, Engle et al. (Engle et al., 1992, see also Cantor & Engle, 1993) developed 
theoretical propositions in which working memory capacity is considered as long-term memory 
activation, independent of the nature of the task. Accordingly, the content of working memory consists 
in temporary or permanent knowledge units from declarative long-term memory that are currently 
activated above a critical threshold. Borrowing from Anderson’s ACT* model (J. R. Anderson, 1983a, 
1983b), the authors suggested that these units are meant to vary in their ambient level of activation, 
either because they have been recently activated from objects in the environment or as results of 
productions, or because of a loss of activation consecutive to decay or inhibition. As the activation of a 
unit increases, so does its accessibility to processes and procedures, that will fire when all the 
knowledge necessary is above a critical threshold, that is, in working memory. Thus, limits in the 
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available amount of activation ultimately determines the number of units that can be simultaneously 
available in working memory. Consequently, activation also limits the type of operations that can be 
conducted, for these may triggered only if all their composing units are sufficiently activated. Finally, 
activation is required to  switch attention between the processing and storage components in working 
memory task. 
 
While supporting the activation account of individual differences in working memory, the results from 
the Cantor and Engle’s (1993) fan effect experiments nonetheless challenged another explanation 
according to which low span individuals are less efficient than high span ones to inhibit irrelevant 
information. Accordingly, low spans would have more irrelevant information entering and overloading 
working memory than high spans, and would be more hampered to achieve relevant cognitive 
operations. However, Cantor and Engle (1993) reject this interpretation, based on the findings that 
high and low span individuals have equivalent number of misses and false alarms, suggesting an 
equivalent susceptibility to interference. However, provided that the fan task involves considerable 
response competition (e.g. Brainerd & Reyna, 1989), a larger fan effect could as well be attributed to 
an increased difficulty in resisting interference from competing, but irrelevant responses. On this issue, 
the findings did not allow to discard the inhibition account. Furthermore, the findings of the Rosen and 
Engle (1997) fluency experiments similarly called for an inhibition account, especially with respect to 
the larger sensitivity of low span individuals to exemplar resampling. Finally, the activation resource 
account was particularly challenged by the outcomes of a series of experiments conducted by Conway 
and Engle (1994) on individual differences in working memory capacity and retrieval time from primary 
and secondary memory. These are presented in the next section, along with other experiments 
(Conway, Tuholski, Shisler, & Engle, 1999; Engle et al., 1995; Kane, Bleckley, Conway, & Engle, 
2001; Kane & Engle, 2000, 2003) that provided grounds to the second premise to the actual 
framework, the “resource inhibition approach” (Engle, 1996). 
 
 
II.3.2. THE SECOND PREMISE: A RESOURCE-INHIBITION APPROACH 
The “resource inhibition approach” (Engle, 1996) of individual differences in working memory is more 
an account in terms of attentional resources than was the former activation one. In this view, 
attentional resources are necessary for the inhibition of distracting events or thoughts, as well as for 
information that are incompatible with, or irrelevant to, the current task goals. 
 
The theoretical shift from the resource-activation to the resource-inhibition account occurred 
consecutively to a series of experiments conducted by Conway and Engle (1994) and meant to 
investigate the time required to activate information from primary and secondary memory. In 
accordance with the distinction proposed by William James (1890), primary memory is viewed as the 
content of memory that is accessible to consciousness, while secondary memory refers to the 
elements of the distant past that need to be brought back to consciousness, in other words, to 
elements in long-term memory. Conway and Engle (1994) devised a memory search task inspired by 
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the task initially proposed by Sternberg (1966) in which participants were instructed to learn series of 
letter or words included in sets varying in length. Subsequently, participants were given recognition 
trials in which letters (respectively words) were presented in pairs with a digit. The task consisted in 
deciding whether or not the digit corresponded to the set size in which the letter (word) was 
encountered. It was assumed that the recognition time would increase as a function of the set size. Of 
further interest, Conway and Engle (1994) manipulated the time lag between the presentation of the 
first element of the pair and the occurrence of the digit, which appeared either simultaneously, or at 
one second interval. Retrieval time from primary memory was assessed by the median RT at 1s, while 
retrieval from secondary memory was computed as the difference between the RT at 0s and 1s. 
Finally, the number of occurrences of a similar target across sets (one or two) was varied from two 
(Exp. 1 and 2) to one (Exp. 3 and 4). Working memory capacity was assessed by means of an 
Operation-Word task. The major findings, similar for letters and words, were as follow. First, to the 
exception of set size 2, the time to retrieve information from secondary to primary memory was 
independent of the set size. Second, there were no differences between high and low spans with 
respect to the time to retrieve information from secondary memory. Third, and this is the most 
challenging finding, high span individuals were faster than low span ones to search the set active in 
primary memory, but ONLY under the conditions in which the same elements occurred in different sets 
(Experiments 1 and 2). The activation theory would have not predicted such an outcome. Indeed, 
differences in activation limits should have been associated with a set search time difference between 
high and low spans irrespective of the number of occurrences of the targets across sets. The 
alternative, but sole, explanation calls upon individual differences in resistance to interference. Indeed, 
when there is an overlap of targets between sets, activation spreads to both the target element and 
the competing, but irrelevant, cue. In this particular case, the irrelevant cue needs to be actively 
inhibited. The results are then accounted for by individuals differences in attentional resources used to 
prevent, or inhibit the activation of the irrelevant cue. 
 
To pursue on the investigations of long-term memory retrieval and further assess the inhibition 
resource account in this particular ability, Engle and colleagues conducted two series of experiments, 
with the first using a paired-associates paradigm (Rosen & Engle, 1998), and the other using a 
proactive interference paradigm (Kane & Engle, 2000). The paired-associates study was conducted by 
Rosen and Engle (1998) and addressed the issue of individual differences in working memory 
capacity in relation to ability of suppressing no-longer relevant information that were previously 
automatically activated by the task itself. In this experiment, participants were provided with an 
Operation-Word span task to index working memory in addition to a paired-associates task. In the 
latter, participants were required to over learn 3 lists of word pairs, under two conditions: a control 
condition, in which 3 different lists of 12 unrelated word pairs were used (CD-EF-AB), and an 
interference condition, in which 2 lists (AB-AC-AB) were used. To enhance interference, the lists a) 
contained the same cue words and b) were built so that the cues were either associated with words 
having strong prior association (e.g. bird-bath, AB associations), or with unrelated words (e.g. bird-
dawn, AC associations). Of particular interest was the performance in the second lists. Indeed, in the 
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interference condition, similar cues from AB to AC in addition to the strong word pairs associations in 
AB were assumed to generate an increase in the number of trials to reach learning criterion in AC, as 
well as an increase in the number of intrusions from the prior lists. Main results revealed that 
individuals with lower working memory capacity needed a larger number of trials to reach criterion and 
showed more intrusions from the previous lists than did individuals with larger working memory 
capacity. Examination of the response times further revealed that in the interference condition, high 
spans were slower at retrieving the first trials of List 3 as compared when they first retrieved the 
corresponding trials in List 1. Low spans showed little difference in retrieval time between List 1 and 
List 3. This finding suggests that high span individuals are less prone to interference than low span 
individuals, because they engage control processes to suppress the information that is no longer 
relevant to the task. As a result, they are more hampered than low spans when the information needs 
to be subsequently retrieved. 
  
The second long-term memory study was conducted by Kane and Engle (2000) to investigate whether 
individual differences in working memory correspond to individual differences in the ability to resit 
proactive interference (see Chapter I, section I.2.2.2.1.a., for a description of this effect). Participants 
received a PI buildup and release task, either administered alone or under concurrent load. The 
concurrent task was either administered in the rehearsal interval (Experiment 1) or at encoding and 
retrieval (Experiment 2). Participant were also provided with an Operation-Word Span task used to 
assess working memory capacity. Provided the assumption that resistance to interference is an 
attentional demanding process, the secondary load is expected to disrupt it, thus increasing the 
proactive interference effect. Results revealed that under single task condition, individuals with higher 
working memory capacity demonstrated less susceptibility to proactive interference that individuals 
with lower capacity. However, under concurrent load, the high spans’ ability to resist interference 
decreased and performance between high and low spans was equivalent, irrespective of the time at 
which concurrent load occurred (encoding, rehearsal or retrieval). Hence, as already suggested from 
the findings from the Rosen and Engle (1997; 1998) experiments, individual differences in working 
memory capacity are related to differences in the ability to resist interference. Furthermore, the results 
of Kane and Engle (2000) suggest that high spans, contrary to low spans, draw on a similar pool of 
resources to conduct, under controlled attention, inhibition as well as encoding, rehearsal and 
retrieval.  
 
The overall results from the studies investigating the relation between working memory capacity and 
long-term memory retrieval lead Engle et al. to argue that working memory capacity is critical to carry 
out tasks that require temporary maintenance of information, in the face of distraction. Furthermore, 
they argue that working memory capacity is crucial in tasks the necessitate strategic controlled search 
or in which performance is improved by active suppression of inappropriate representations. Hence, 
above and beyond activation, inhibition and resistance to interference gained greater consideration as 
cardinal processes under the govern of working memory. The next development consisted in 
investigating these attentional processes directly by means of selective attention paradigms, such as 
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the Negative Priming (Conway et al., 1999; Engle et al., 1995), the Antisaccade (Kane et al., 2001) 
and the Color Stroop (Kane & Engle, 2003).   
 
The first study conducted to assess individual differences in working memory capacity with respect to 
selective attention was carried out by Conway, Tuholski, Shisler and Engle (1999). This study found its 
roots in preliminary findings reported Engle, Conway, Tuholski and Shisler (1995) suggesting that the 
negative priming effect could be accounted for by individual differences in general attentional 
resources rather than solely by differences in inhibition. Engle, Conway et al. (1995) provided their 
participants with a naming task in which it was required to name the color of a letter, while ignoring the 
color of an overlapping letter of another color. Trials were arranged by pairs, and presented so that the 
color to be ignored on a given trial (prime) turned to be the one to be named in the subsequent trial 
(probe). Doing so, a negative priming effect was expected on response times (see Chapter I, section 
I.2.2.2.1.a. for a description of this effect). Engle, Conway et al. (1995) administered the task under 
concurrent load, by means of a secondary task consisting in remembering unrelated words displayed 
after each prime-probe pairs. Accordingly, the concurrent load increased throughout series of trials. 
The findings revealed that as the load increased, the negative priming effect was no longer significant. 
The authors concluded that inhibition is a resource demanding process that is no longer possible 
under divided attention. They further argued that the cardinal aspect accounting for negative priming 
effect is not inhibition per se, but a “general attentional resource” capacity. The series of experiments, 
conducted by Conway, Tuholski, Shisler and Engle (1999) were devised to investigate this proposition. 
They provided their high and low working memory span participants - identified by means of their 
performance on an Operation-Word Span task - with the naming task devised by Engle, Conway et al. 
(1995), and used either a verbal (Experiment 1) or a non verbal (Experiment 2) concurrent load. 
Results of both experiments replicated those reported by Engle, Conway et al. (1995), showing that 
the overall negative priming effect was only present under the no-load trials. Of more interest to the 
present purpose, only high span individuals demonstrated the effect, hence supporting the assumption 
that “working memory capacity corresponds to the ability to handle interference” (Conway et al., 1999, 
p. 1048).  
 
Another paradigm, the antisaccade task, was borrowed from the field of selective attention to 
investigate individual differences in working memory capacity in relation to resistance to interference 
(see Chapter I, section I.2.2.2.1.a. for a description of the task). Kane, Bleckley, Conway and Engle 
(2001) devised two experiments in which participants performed a letter recognition task in which 
letters P, B and R were presented briefly (100ms) on either side of a fixation point. The location of the 
letter was cued by a 100ms abrupt visual signal flashing either on the same (prosaccade condition) or 
on the opposite (antisaccade condition) side of target. Participants were required to respond by 
keypress to which letter was presented. It was predicted that response times and error rates would be 
higher when the task required to suppress the reflexive saccade induced by the cue so to direct the 
gaze in the opposite direction and achieve the task adequately. In addition to the letter recognition 
task, participants were given an Operation-Word Span task in order to index their working memory 
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capacity. The study embedded two experiments, the first (Experiment 1) assessing the individual 
differences in the ability to suppress the reflexive saccade, and the second (Experiment 2), further 
investigating practice effects on this ability. Results demonstrated that individuals with larger working 
memory capacity were faster and more accurate in identifying the letter than were the low span 
individuals, but only in the antisaccade condition. In the prosaccade condition, high and low spans 
were equivalent, to the extend that the prosaccade condition was administered first. When 
administered second, however, the low span individuals were slower to respond, both as compared to 
high span individuals and as compared to when the prosaccade condition was provided prior to the 
antisaccade condition. This order effect was not significant for high span individuals. Kane, Bleckley et 
al. (2001) interpreted this unexpected result as an increased difficulty of the low spans to switch task 
goals once these are set under demanding conditions (see also Weber, 1995, on this issue). Finally, 
the findings revealed that the individual differences in the ability to suppress the reflexive saccade 
resisted practice, with low spans being still less efficient than high spans in inhibiting the saccadic 
automated response. 
 
The most recent study carried out using a selective attention paradigm was conducted by Kane and 
Engle (2003). It consisted in a series of five experiments run to investigate response competition 
solving and goal maintenance using the Stroop Color task. Two conditions of the task were devised, 
“mostly congruent” and “rarely congruent”, by manipulating the number of congruent trials27 presented 
to the participants. Goal neglect was estimated by means of the error rate, while solving competition 
was assessed by response times. In addition to the Color Stroop task, participants received an 
Operation-Word Span to assess working memory capacity. Results first demonstrated that individual 
differences in working memory capacity were strongly related to goal neglect. Indeed, individuals with 
lower capacity made more errors on incongruent trials than did high spans in the mostly congruent (or 
rarely incongruent) condition. In contrasts, differential response-time interference effects were 
reported on rarely congruent (or mostly incongruent) conditions, with low span individuals 
demonstrating a larger interference effect than high span ones. Third, facilitation effects were reported 
for low span individuals and were larger in the mostly congruent condition. However, the findings 
further suggested that this overall pattern of results was modulated by the task order. Indeed, as 
compared to high span individuals, low span ones demonstrated a smaller error rate on the mostly 
congruent condition when the mostly incongruent condition was administered first. This suggested that 
low spans did benefit from a goal reinforcement provided by the prior mostly incongruent condition. 
However, low spans were consequently slower to respond, and demonstrated a larger interference 
effect, as compared to high span individuals. These series of findings suggested that individuals with 
lower working memory capacity are more likely to loose the current task goals than individuals with 
larger capacity, especially when the context does not reinforce goal maintenance. 
                                                 
27 In Experiments 1, 2 and 3, participants were presented with a 0% congruent condition or a 75% congruent condition (a total of 
288 trials were administered in each condition, with 36 control, 36 target incongruent in both conditions, 216 congruent among 
which 36 target in the 75% condition and 216 incongruent in the 0% condition). In Experiment 4, 20% and 80% were applied. 
Another interesting way to look at the manipulation is to consider that, from the participant’s point of view, there are indeed 88% 
overall incongruent trials in the 0% congruent condition, and only 13% overall incongruent trials in the 75% congruent condition. 
In comparison to the conditions used by West and Baylis (1998), Kane and Engle’s “0%” or “20%” congruent condition 
corresponds to the West and Baylis (1998) mostly incongruent condition. 
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The findings from the studies conducted by Engle and colleagues to question the inhibition-resource 
account of cognitive performance in relation to individual differences in working memory capacity 
provided clear evidence that both constructs are inextricably linked. Indeed, with respect to long-term 
memory retrieval, individuals with higher working memory capacity demonstrated a better ability than 
low span individuals to resist interference from competing responses (e.g., Conway & Engle, 1994), 
from previously learned material (e.g., Kane & Engle, 2000; Rosen & Engle, 1998) and/or from 
information automatically activated by the task that have become no-longer relevant (e.g., Rosen & 
Engle, 1997). Converging evidence was brought from findings reported using selective attention 
paradigms. High spans individuals demonstrated a better ability than low spans to suppress task 
irrelevant information as revealed by a significant negative priming effect (e.g., Conway et al., 1999). 
High span individuals were also more prone to inhibit reflexive, automatic processes (e.g., Kane et al., 
2001). To the contrary, individuals with smaller working memory capacity were more likely to 
demonstrate intrusions in long-term memory retrieval tasks (e.g., Conway & Engle, 1994; Kane & 
Engle, 2000; Rosen & Engle, 1997, 1998), to be hampered by rather basic automatic but irrelevant 
processes (e.g., Conway et al., 1999; e.g., Kane et al., 2001) and to loose the current task goals (e.g., 
Kane & Engle, 2003).  
 
However, as pointed out by Engle and colleagues themselves (e.g., Conway et al., 1999; Kane & 
Engle, 2003), the relation between individual differences in working memory capacity and inhibition 
may appear, at first sight, as a “(…) chicken-egg dilemma. Does working memory capacity drive the 
ability to handle distraction, or does the ability to handle distraction drive working memory capacity?” 
(Conway et al., 1999, p. 1048-49).  A priori, the two alternative positions can be held. Indeed, and as 
previously discussed in Chapter I, (see p. 43), authors such as Hasher and Zacks (Hasher & Zacks, 
1988; Hasher et al., 1999) already favored the second alternative in the “inhibition theory of cognitive 
aging” they proposed. According to this theory, inhibition is a cardinal function that prevents working 
memory from being cluttered and hence, Hasher and Zacks argue that age (but also individual) 
differences in inhibition account for individual differences in working memory capacity. To the contrary, 
Engle and colleagues (e.g., Kane et al., 2001) favor the view that individual differences in working 
memory capacity account for individual differences in inhibition. They base their argument on four 
lines of evidence. First, given the numerous experimental situations in which individual differences in 
inhibition and resistance to interference were reported, the underlying mechanisms should be general 
enough to account for them. However, while there is only sparse evidence in the literature supporting 
the generality of the inhibition construct (McDowd, 1997; Shilling et al., 2002), a fairly large one 
supports the generality of the working memory one (e.g., Kane et al., 2004; Turner & Engle, 1989a). 
Second, working memory capacity is a strong predictor of Gf (Engle, Kane, & Tuholski, 1999; Kane et 
al., 2004; Kyllonen, 1996; Kyllonen & Christal, 1990). Third, and this the most convincing evidence, 
findings from several experiments demonstrated that under divided attention, performances of 
individuals with high working memory capacity and efficient inhibitory mechanisms, become equivalent 
to performances of individuals with lower capacity and less efficient inhibitory mechanisms under full 
Chapter II 
Attentional control: Theoretical perspectives 
 82
attention condition (e.g., Conway et al., 1999; Kane & Engle, 2000; Rosen & Engle, 1997). Finally, 
when tasks require to temporarily maintain or retrieve information in absence of interference (e.g., 
Kane & Engle, 2000; Rosen & Engle, 1997), or in absence of interfering prior practice (e.g, Kane & 
Engle, 2002), high and low span individuals also show comparable performances. All together, these 
findings lead Engle and colleagues to propose that working memory capacity reflects executive 
attention, over and beyond sole activation or inhibition. This recent proposition in presented as an 
integrated framework: The “two-factor theory of cognitive control” (Engle & Kane, 2004).  
 
 
II.3.3. THE TWO-FACTOR THEORY OF COGNITIVE CONTROL 
According to the proposed theory, and as schematized in Figure 6, working memory is a system 
embedding a) short-term memory “stores”, b) an ensemble of processes, skills and strategies and c) 
executive attention. Although presenting working memory as a system, Engle and Kane’s (2004) 
perspective still emphasizes function over structure, hence adopting a different perspective from 
Baddeley’s (1986; 1996a; 2000) which mainly emphasizes architecture over function. 
 
In the proposed working memory model, short-term memory “stores” consist in long-term memory 
traces of various representational format that are active above threshold28. The level of activation of 
theses traces varies, with loss due to decay or interference, and enhanced activation due to processes 
and skills, on the one hand, and executive attention, on the other. Representations and memory traces 
that receive enough activation from one or the other enter the focus of attention.  
 
The second component of the system is an ensemble of processes, skills and strategies that work 
upon these activated traces from long-term memory. Much like in other models (e.g., Cowan, 1995; 
Cowan, 1999; Pascual-Leone, 1983; Pascual-Leone & Ijaz, 1989), they are meant to make accessible, 
or help maintain active, the representations in short-term memory. Phonological rehearsal, inner 
speech, coding and grouping strategies are examples of theses processes and skills and may differ 
across various types of stimuli and/or response domains. Thus, they are content-specific. Some may 
be largely automatic and triggered by internal or external cues, while others may be more or less 
demanding, depending on the task and/or the subject.  
 
The third component of the model is executive attention. Executive attention is conceived as a 
domain-free general function that operates in maintaining access to memory traces if processes and 
skills are unavailable, unpracticed or otherwise unhelpful. Executive attention is of no particular 
relevance when processes are automatic and lead to correct, task appropriate response. However, 
under certain circumstances, the response provided automatically is incorrect or irrelevant and a 
conflict arises between the automatic but irrelevant response tendency and the response tendency 
necessary to properly achieve the ongoing activity. This conflict can be solved because new, novel 
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and task-relevant information are activated and maintained in an easy accessible state by executive 
attention Thus, executive attention is of particular importance in avoiding the effect of potent 
distractors from the environment that would otherwise capture attention away from maintenance of 
stimulus representation, in addition to novel productions, or less habitual response tendencies. 
According to Engle, Tuholski et al. (1999), executive attention plays an important role a) when tasks 
goals may be lost unless they are actively maintained in working memory, b) where action competing 
for responding or response preparation must be scheduled, c) where conflict among actions must be 
resolved to prevent errors d) where there is a value in maintaining some task information in the face of 
distraction and interference e) where there is a value in suppressing task-irrelevant information f) 
where error monitoring and correction are controlled and effortful and g) when controlled, planful 
search of memory is necessary or useful. Executive attention is thus about cognitive control. It applies 
to maintain representations such as task goals, action plans or relevant stimuli from the 
environnement in active memory and to solve conflicts between competing or conflicting responses 
particularly when prepotent, habitual behaviors diverge from task-relevant ones. Goal maintenance 









                                                                                                                                                        
28 This view is actually shared with other models, particularly the “long-term working memory” model proposed Ericsson and 
Kintsch (e.g., Ericsson & Delaney, 1999; Ericsson & Kintsch, 1995). 
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II.3.4. FURTHER CONSIDERATIONS 
There are some additional issues that need further consideration in regards of the theory proposed by 
Engle and Kane (2004) and the central claim that executive attention is a general resource that 
accounts for individual differences in higher order cognition. The first issues concerns the 
measurement of working memory capacity and the type of ability that is measured by complex span 
tasks. The second issue acknowledges the distinction between working memory and short-term 
memory. The claim that working memory capacity – and more specifically executive attention – is a 
general cognitive resource is another, third, issue. Finally, a fourth issue concerns the relation 
between working memory performance and brain function. These issues are briefly exposed next, the 
latter being further discussed in Chapter III. 
 
II.3.4.1. WHAT ARE WORKING MEMORY TASKS MEANT TO MEASURE ? 
As pointed out earlier in the text (Chapter I, section I.2.2.1.1. p.25), a broad array of tasks were 
reported in the literature as assessing working memory capacity. It was also mentioned that the most 
widely used are variants of the Counting Span (Case et al., 1982), the Reading Span (Daneman & 
Carpenter, 1980) and the Computation Span (Turner & Engle, 1986, 1989a). In a recent article, 
Conway, Kane et al. (in press; see also Engle & Kane, 2004) discuss methodological issues regarding 
these so-called complex span tasks. They point out their specificities, as well as their validity and 
reliability in measuring working memory capacity. Of central concern is the predictive power of the 
working memory measures with respect to other cognitive abilities.  
 
As a reminder, complex span tasks require participants to temporarily maintain lists of pieces of 
information (digits, words) while solving equations or making judgment about the content of sentences. 
While these task undoubtedly rely partly on speech-based or visual-spatial-based coding, as well as 
on task specific processes, most of all, they rely on executive attention. Indeed, complex span tasks 
require to constantly switch attention from and to the primary recall task in order to fulfill the secondary 
task demand. Furthermore, they require to resist proactive interference, either from stimuli to be 
recalled in prior lists, or from elements embedded in the processing task. Thus, the main 
characteristics of the complex span tasks is that they require the maintenance of the task goals and 
target stimuli in a easily retrievable state, while switching attention between two tasks and resisting 
proactive interference (Engle & Kane, 2004). Accordingly, complex span tasks mainly index executive 
attention. Thus, measured by theses means, “working memory capacity” ultimately refers to capacity 
in controlled, executive, attention (Engle, Kane et al., 1999). 
 
II.3.4.2. CAN WORKING MEMORY BE DISTINGUISHED FROM SHORT-TERM 
MEMORY? 
Evidence for a distinction between working memory and short-term memory comes both from their 
differential predictive power of performances in higher order cognition and from findings from macro 
analyses demonstrating that working memory and short-term memory performance load onto two 
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distinct factors, that in turn, differentially account higher cognitive abilities. As an example of the first 
line of evidence are the results from the Turner and Engle (1989a) study demonstrating that working 
memory, but not short-term memory, accounts for performances in comprehension (see also 
Daneman & Carpenter, 1980, for similar findings). Of further, and more convincing evidence, are the 
results from a study using a latent variable approach conducted by Engle, Tuholski et al. (1999).  
 
Figure 7. Path models for structural equation analyses of the relation between short-term memory, 
working memory and general fluid intelligence reported by Engle, Tuholski et al. (1999)  
 
 
These authors provided 133 college students with three distinct complex span tasks (Operation Span, 
Reading Span and Counting Span) and three distinct short-term memory tasks (Forward Non-rhyming 
Word Span, Forward Rhyming Word Span, Backward Rhyming Word Span), in addition to two tasks 
assessing general fluid intelligence (Raven’s Progressive Matrices, Cattell Culture Fair Test). Results 
first demonstrated that a model considering two, albeit correlated (.68) memory factors distinguishing 
working memory and short-term memory, significantly better accounted for the structure of the data 
than a model with a single factor on which all memory tasks would load. In addition, once the common 
variance between working memory and short-term memory was controlled for by representing it by a 
common factor, working memory was a better predictor of general fluid intelligence than, both short-
term memory and the common factor (see Figure 7, panel A).  These findings suggest that although 
short-term memory and working memory share common features that may be thought of as storage, 
there is something that makes working memory a better predictor of fluid intelligence than short-term 
memory. Engle, Tuholski et al. (1999) argue that this “something” is indeed executive, controlled 
attention. To catch on the following issues, the results reported by Engle, Tuholski et al. (1999) also 
supported the claim that working memory capacity is a content-free cognitive resource, for working 
memory was shown to be a powerful predictor of general intelligence. 
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II.3.4.3. WHY IS EXECUTIVE ATTENTION CONSIDERED AS A GENERAL 
RESOURCE ? 
Executive attention is meant to be a general content-free resource on the basis of several lines of 
evidence, aside from those already mentioned and reported by Engle, Tuholski et al. (1999). First, 
working memory capacity has been shown to be sensitive to a variety of conditions, such as fatigue, 
drunkenness, depression, as well as frontal lobe damage and diverse psychopathological states (see 
Engle & Kane, 2004, for a short review). Second, as mentioned earlier in the text, significant 
correlations were reported across measures of working memory capacity acquired by means of 
different complex spans tasks (Turner & Engle, 1986, 1989a), hence suggesting that different working 
memory tasks reflect the same construct. Third, complex span tasks hold similar predictive power in 
accounting for performances in higher order cognition. In reminding results already pointed out, four 
different complex tasks all accounted similarly for performances in reading comprehension (Turner & 
Engle, 1989a). Fourth, there were evidence showing that the processing part of the complex span task 
could not be considered as the cardinal component predicting higher order cognition. As examples, 
both Turner and Engle (1989a) and Engle, Cantor and Carullo (1992) reported that when SAT scores 
were partialed out from the correlation between various complex span tasks and reading 
comprehension, the correlations remained significant, irrespective of the type of processing involved in 
the working memory task. Finally, as already point out, findings from latent variables studies 
demonstrated that working memory capacity was strongly related to general fluid intelligence, with 
some authors even arguing that working memory and fluid intelligence reflect indeed the same ability 
(e.g. Kyllonen, 1996, 2002; Kyllonen & Christal, 1990).  
 
II.3.4.4. TWO-FACTOR THEORY OF COGNITIVE CONTROL AND THE BRAIN 
A final issue that need to be briefly mentioned is the relation between working memory capacity, 
executive attention and brain functions. Given that the neural bases of attentional control will be 
extensively reviewed in the next Chapter, only a sketch of the most relevant findings regarding the 
Engle and Kane theory are mentioned at this point. With this respect, we shall mention first that these 
authors recently proposed a unified perspective in which they claimed that working memory capacity, 
attentional control, fluid intelligence and prefrontal cortex function are largely overlapping constructs 
(Kane & Engle, 2002). As discussed above, Engle and Kane (2004) assume that the relation between 
working memory capacity and higher order cognition, such as comprehension, reasoning or fluid 
intelligence, is driven for the most part by individual differences in executive attention. Executive 
attention serves to maintain task goals, action plans and task-relevant stimuli in an accessible state in 
the face of interference, and to prevent attentional focus from being captured by distractors and driven 
away from relevant representations. Ultimately, and in accordance with plentiful convergent findings, 
executive attention – and, by extension, working memory capacity – is related the function of the 
prefrontal cortex (B. L. Miller & Cummings, 1999; Rabbitt, 1997b; E. E. Smith, 2000; Wager & Smith, 
2003). Of particular interest in relating Engle and Kane’s theory to brain functions are findings reported 
by Duncan (1993; 1995), on the one hand, and Cohen and colleagues (Botvinick, Braver, Barch, 
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Carter, & Cohen, 2001; Braver & Cohen, 2000; Cohen & Servan-Schreiber, 1992; O'Reilly, Braver, & 
Cohen, 1999), on the other. Both lines of research argue that prefrontal cortex plays in important role 
in maintaining context information in an active state. Duncan (1993; 1995) suggests that this 
attentional “goal weightening” capability accounts for coherent behavior and is central to psychometric 
Gf. Similarly, Cohen, Braver and O'Reilly (1998) further argue that the prefrontal cortex maintains 
dynamically the goal relevant information from other areas in the brain and controlled processing 
emerges from the interactions in the network. Braver and Cohen (2000) also claim that interference 
control arises by blocking of irrelevant information through the gating of the dopamine system. Hence, 
the two factor-theory of cognitive control founds supportive evidence from the cognitive neuroscience 
literature, which again, will be discussed in more details in the next Chapter. 
 
 
II.4. WORKING MEMORY AND DEVELOPPEMENT: COWAN 
The model proposed by Cowan is not directly about working memory. The general framework was 
meant more generally to account for information processing and for the mutual relations between 
memory and attention (Cowan, 1988, 1995, 1999, 2001). However, several aspects of the model, and 
most particularly the attentional focus, the central executive and part of the long-term store, 
undoubtedly are to be related to the construct of working memory as defined by both models 
previously described. As Cowan himself points out, working memory comes from the hierarchically 
arranged faculties conceived in the information processing model, resulting in the so-called 
Embedded-process model of working memory. More precisely, working memory is conceived as the 
“cognitive processes that retain information in an unusually accessible state, suitable for carrying out 
any task with a mental component” (Cowan, 1999, p. 62). As such, working memory is limited, both by 
the time a stimulus can be kept in an activated state and in terms of the number of unrelated items 
that can be simultaneously held in the focus of attention. According to Cowan (1999; 2001), the latter 
corresponds to 4 ± 1 in younger adults. 
  
Above and beyond the description of a model and its components, Cowan further made proposition in 
with respect to developmental changes. As mentioned in the introductory section of the present 
Chapter, the model concerns development in childhood, rather than development in the adult lifespan. 
However, the changes in working memory during aging may be conceived, a least to a certain extend, 
as changes similar to those reported in childhood but occurring on the other side of the life fold. In this 
perspective, Cowan’s model, even though not specifically addressing the aging issue, was chosen as 
a sample case of developmental changes in working memory. 
 
II.4.1. THE GENERAL FRAMEWORK 
The general framework of Cowan’s model was largely settled by propositions brought together in an 
article published in 1988 aiming to outline the memory-attention mutual constraints in the information 
processing system (Cowan, 1988). The model is meant to include the necessary and most basic 
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faculties of the information processing system, as well as to describe with the major subdivisions 
between components. However, it is not meant as being exhaustive, and does not include all 
distinctions that can be made across different faculties (Cowan, 1988). Neither does it suppose 
distinctions across various domains of short-term memory such as sensory, phonological, semantic or 
motor abilities. These are indeed considered together, for it is assumed that all operate on the same 
dynamic principles, and share the same decay features. 
 
II.4.1.1. COMPONENTS OF THE MODEL 
The model, reproduced in Figure 8, is a multidimensional and dynamic representation of the 
information processing system. It is composed of a small number of basic components: a) a sensory 
store, b) a long-term memory store, c) a short-term memory store and d) a central executive 
component also meant as a set of control processes. 
 
The sensory store serves to maintain sensory information during several hundred of milliseconds. If 
not all, many of the physical properties of the stimulus are preserved. When a stimulus is encountered, 
it first enters the sensory store and activates a long-term memory network that converges upon a set 
of featural and semantic categories. This is the coding. As the stimulus contacts information previously 
stored in long-term memory and coding operation occur, an activated subset of information may 
emerge in short-term memory. This contingency between the short temporary maintenance of the 
stimulus in the sensory store and the information in long-term memory is meant as the first stage of 
perception (or sensation). Contrary to other models, and particularly stage ones (e.g., Atkinson & 
Shiffrin, 1968; Broadbent, 1958), Cowan’s proposition implies that pattern recognition and coding 
processes take place before entering the short-term memory store.  
 
When a subset of information from long-term store becomes activated, it enters the short-term 
memory store. This is the second stage of perception (or vivid recollection) which may last a few 
seconds. The short-term memory store is viewed as the sum of all elements from the long-term store 
that are currently in a heightened state of activation. Activation does not directly refer to neural activity. 
Rather, it is defined behaviorally as “the temporary state of memory representations that would allow 
these representations to have a priming effect on subsequent stimuli” (Cowan, 1993, p. 102). When 
activation exceeds a certain threshold, it become part of awareness, that is, it enters the focus of 
attention. As such, short-term memory is a hierarchical construct, with a clear theoretical distinction 
between short-term memory, qualified as a subset of information from long-term memory that are 
currently activated above a given threshold, and the focus of attention, which qualifies the portion of 
short-term memory that one is aware of (Cowan, 1993). This hierarchical view also implies that there 
are elements in short-term memory that one is not aware of. It should also be noted that, although 
theoretically clearly distinct, short-term memory and the focus of attention have fuzzy boundaries, for 
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Figure 8. A revised model of the information-processing system. Reproduced from Cowan (1988). 
 
 
The content of awareness, represented in the model by the focus of attention, is hence only a portion 
of the short-term memory store. Information may enter the focus of attention either through voluntary 
processes - the central executive system - or through unvoluntary attentional calls made by the 
stimulus - the attentional orienting system. The selection by the central executive being volitional, it 
allows a deliberate selection of what needs to be actually activated and when it needs to be. Voluntary 
attention is directed either outward, to the stimuli, or inwards, to long-term memories. In addition, 
attention may be directed away from particular features of memory, rather that toward them, making 
their activation drop below baseline. Note that in terms of relative amount, this corresponds to the 
process of inhibition. Aside from the central executive, the attentional orienting system may also lead 
information to enter the attentional focus. In this case, calls are made by the stimulus and occur when 
the codes that are activated in long-term memory are either discrepant from prior stimulations or 
possibly relevant to the subject. This recruitment is automatic and applies to especially noticeable 
events. Otherwise, when the activated codes correspond to information to which the individual is 
habituated, the information is activated in short-term memory but remain outside of awareness. Finally 
note that it is possible that a concept reaches the focus of attention because automatic activation 
alone may surpass a certain level of activation. As a result, it may redirect the focus of attention in the 
central executive or elicit an attentional call. This means that automatic activation may direct attention, 
which can in turn influence the amount of activation allocated to memories.  
 
As implicitly described in the above text, one cardinal feature of the model is the central executive, a 
domain-free component viewed as a conglomeration of different, but highly related, effortful processes 
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which operate to select a subset of information in the short-term storage and place them in the focus 
of attention. The processing capacity of the central executive is limited which constraints the amount 
processing that can be allocated to different information transfer tasks. These tasks include the a) 
selection of information channels from short-term memory b) scanning short-term memory to select 
among items recently entered from the stimulus or from long-term memory c) maintenance of 
information in short-term memory through various types of rehearsal, among which reactivation 
routines d) problem solving activities, principally long-term memory retrieval or the recombination of 
short-term memory units to form new associations and e) long-term memory searches leading to most 
elaborate storage of short-term memory information in long-term memory. With respect to the latter, it 
means that awareness may influence processing. Indeed, the information that is in the focus of 
attention (but possibly any activated information in short-term memory) can result in new links or 
association between items that enter the long-term store and contributes to an episodic long-term 
trace that may be used, as such, in subsequent processing. 
 
II.4.1.2. BASIC MECHANISMS 
The model proposed by Cowan accounts for a series of basic mechanisms, including encoding, 
maintenance and retrieval of information. Encoding of the stimulus occurs because it presumably 
activates features in long-term memory, and because the composite feature are used in working 
memory. The composite remain partial until it is attended, which increases the number of features that 
may be related to the stimulus. This, in turn, results in a more stable memory representation.  
 
Maintenance of information is achieved through continuous activation given to an item to have it 
preserved in the focus of attention. According to Cowan (1988; 1999), the maintenance of activation 
depends on the central executive which carries out operations that reactivate information by searching 
through the set of items and make them recirculate in the focus of attention. Ultimately, recall will be a 
function of how efficiently and successfully these processes were carried out. 
 
Finally, retrieval means entering the correct items into the focus of attention. However, retrieval from 
short-term and from long-term memory differ in important ways. First because long-term memory 
contains much more representations and hence provides a richer information structure to rely upon. 
Second, retrieval from long-term memory is fairly unlimited, to the contrary of the limited retrieval time 
from short-term memory due to a rapid decrease of activation. However, even if the information is no 
longer activated enough, it might still be retrieved from long-term memory, as long as sufficient 
episodic memory trace has been stored. 
 
Another interesting proposition relates to the account of how volitional and unvolitional mechanisms 
work together, an issue that is related to selective attention. Cowan (1999) indeed proposes that 
stimuli that are repeated with no change result in habituation, whereas stimuli that do not fit to 
corresponding features in long-term memory result in an orienting response. Following the orienting 
response, attention may be volitionally recruited to, or taken away from, the stimulus, which allows to 
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purposively attend or ignore it. Hence, habituation and orienting responses serve as an attenuating, 
selective filter that allow an effortless mode of attention. Effortful processing can nonetheless be 
conducted by the central executive to direct the control of attention. Both effortless and effortful 
processes are meant to operate together. 
 
II.4.1.3. THE EMBEDDED-PROCESS MODEL AND THE BRAIN 
Cowan (1995, pp. 249-272) links biological findings that possibly relate to the components of the 
model. First, regarding the sensory store, neurophysiological studies demonstrated that the neural 
signal reaches the cortex in about 30ms and that electrical activity can be measure on the scalp 
surface within several hundreds milliseconds after the onset of the stimulus. Furthermore, it has been 
reported that firing cells leave behind an environnement in which the same cell is more likely to fire 
again. This “short-term synaptic plasticity” has been attributed the function of temporarily preserving 
memories until a more stable coding can be achieved. These findings tend to support the theoretical 
assumption of a hundreds of milliseconds sensory store.  
 
Second, in regards of the activation of memories, drastic synaptic changes occurring some 10 to 20 
seconds after stimulus onset have been reported. In addition, studies using event-related potentials 
and measuring mismatch negativity29 demonstrated that this effect occurred only if the deviant sound 
arises within 10s of any standard other one. These findings suggest that the temporary activation of 
memories has a duration of about these times ranges. 
 
Third, in regards of the automatic long-term storage, representation of memories were shown to be 
diffuse across the cortex and spread out across many localized featural traces. It has also been 
suggested that information is stored in the same assemblies of cells that those involved during first 
place processing, implying that primary cortices and the directly surrounding areas store sensory 
memories. More abstract information would be stored in higher-level associative areas. 
 
Fourth, and this has already been mentioned in the previous section, the control of attention has been 
related to the frontal lobes, for this structure of the brain is usually associated with the regulation, the 
coordination and the control of behavior. In addition to the frontal lobes, the anterior cingulate appears 
to be involved whenever the task requires effortfull attending and more posterior parietal structures 
seem to participate to consciousness. Cowan (1995) indeed links the frontal and cingulate cortex to 
the executive system, while he attributes the parietal areas to awareness. By referring to the 
oscillatory theory, he further proposes that the anterior attentional system controls attention through 
the thalamus (which has been shown to fire in a rhythmic slow “theta” rhythm whenever the 
environnement is scanned or explored) and the parietal area integrates the content. Hence, the 
attentional focus and the associated controlled processes would rely on an frontal-parietal system. 
 
                                                 
29 Mismatch negativity refers to the negative change of a waveform associated with deviant auditory stimuli in series of highly 
similar ones (Ritter, Deacon, Gomes, Javitt, & Vaughan, 1995) 
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Finally, the hippocampus was meant to be implicated in the habituation process, because this brain 
structure, and more particularly the dentate gyrus, was demonstrated to be sensitive to the repetition 




II.4.2. DEVELOPMENTAL CHANGES 
As opposed to the two previously discussed theoretical views, Cowan (1997; but see also Cowan, 
Nugent, Elliott, Ponomarev, & Saults, 1999; Cowan, Saults, & Elliot, 2002; Cowan et al., 2003) 
addresses directly the issue of developmental changes in the capacity of working memory. According 
to his view, age differences in working memory stem from three factors: a) an age-related increase in 
the number of unrelated items that can be simultaneously brought in the focus of attention b) an age-
related increase in the persistence of information that is in a activate state, that is, in short-term 
memory and c) age-related changes in the rate at which the information can be transferred from the 
short-term store to the focus of attention. To illustrate these proposition, we make a sample case of a 
study conducted by Cowan, Nugent, Elliott, Ponomarev and Saults (1999). In this experiment, 48 
children aged 7 and 10, and younger adults were provided with an attended-speech task, an 
unattended-speech task, either administered as secondary tasks to a primary visual task. In the 
attended-speech task, lists of digits were auditorily presented and participants were cued to recall the 
items at the end of each list. In the unattended-speech task, multiple lists were presented in 
succession and the cue for recall was displayed only occasionally between lists. In the primary visual 
task, sets of four figures were displayed in each corner of a computer screen. A target picture, which 
name had a rhyme with one of the four other images, was presented at the center of the screen. The 
task consisted in pointing to the rhyming image. Under the dual-task condition performed with the 
unattended speech task, participants were instructed to ignore the digits until the recall cue was 
presented. The assumption was that under this condition, the digits were partially held in short-term 
memory and the cue for recall call upon bringing those items into the focus of attention. In the 
attended speech condition, the process would be similar, but attending to the digits is expected to 
allow more efficient coding and chunking of information and the built-up of an episodic record 
subsequently available at recall. The results were as follows. First, for all participants, digit recall was 
better in the attended than in the unattended condition. Second, there was a significant age related 
increase in the span, both in the unattended and in the attended condition. This difference remained 
when the absolute list length was controlled for. Third, the recall items included items presented early 
in the list, as well as the most recently presented. As a whole, these findings suggest that there is a 
fixed limit in the number of elements that can be retrieved. Furthermore, this limit increases with age. 
This increase can not merely be attributed to the sensory memory itself because items presented early 
in the list were retrieved as well. Rather, the increase in the span may be attributed to an attention-
related ability in reviewing sensory memory’s content. Although response time was not assessed in 
this experiment, findings from a parallel study (Cowan, Nugent, Elliot, & Saults, in preparation, cited in 
Cowan, Nugent et al. 1999) demonstrated that the response time at recall decreased with age, and 
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that age differences were much larger in the attended than in the unattended speech condition. This 
findings was interpreted as differences in the quality of encoding. Thus, this sample case made from 
the Cowan, Nugent et al.(1999) study seem to support Cowan’s view that age particularly affects the 
size of the attentional focus, but also the size of the short-term store, and the speed at which 
information can be transferred into awareness most probably accounted for by age changes in the 
efficiency of the central executive. All these age-related changes may in turn participate to account for 
age related differences in working memory capacity. 
 
II.5. SUMMARY AND IMPLICATIONS FOR THE PRESENT WORK 
To summarize the present chapter, we briefly review some issues identified by Miyake and Shah 
(1999) as being crucial in the gait of theoretically defining the construct of working memory. These 
issues concern the nature and the basic mechanisms of working memory, the control and regulation of 
the system and the nature of its limitations. To conclude, some comments will be made in regards of 
the developmental changes that are postulated by, or might be inferred from, the theoretical claims 
held by the models considered. 
 
With respect to the nature and the basic mechanisms of working memory, Baddeley proposes an 
architecture embedding two slave systems, an attentional buffer and a central executive working as an 
attentional controller. Engle suggests that working memory relies on temporary activated sets of long-
term memory traces (short-term memory) in addition to an ensemble specific processes and skills and 
to executive attention. Finally, Cowan claims that working memory consist in long-term memory 
representations that are brought into the focus of attention, although other information temporarily 
active in short-term memory may also contribute to working memory. Activation, and hence, the 
direction of the focus of attention, depend upon the central executive and upon automatic attentional 
calls made by the stimuli. From these major theoretical proposition it appears generally that working 
memory is not conceived as unitary system. Nonetheless, specialization is emphasized differently 
across the three models. Baddeley assumes that content specific slave systems are responsible for 
temporary maintenance of information. In Engle’s view, the specialization is attributed to the skills and 
rehearsal procedure, but the central feature of the model, executive attention, is content-free. Finally, 
in Cowan’s model, the « activated memory » refers to any modality and any form of representation, 
although content specificities are not rejected. Thus, the unitary Vs. non-unitary nature of working 
memory may be placed on some kind of continuums with the strongest claims for non-unity made by 
Baddeley, to the almost unitary view proposed by Cowan. A position in-between may be attributed to 
Engle. 
 
A second central issue concerns the control and regulation of working memory. All models assume 
that attention regulates the content of working memory. Baddeley attributes this function the central 
executive, viewed as an attentional controller responsible for the co-ordination of and the resource 
allocation to the slave systems, as well as for the attention switching, and the control of encoding and 
retrieval strategies. In Engle’s model control and regulation of working memory relies mainly on 
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executive attention which is responsible for the active maintenance and availability of relevant 
information in the face of interference. In Cowan’s perspective, control processes are operationalized 
by the central executive component, which is conceived as a set of processes enabling to direct the 
focus of attention. In all models, although to different extents, attention is related to conscious, 
volitional, effortful processing. 
 
A third main issue has to deal with the limitation of working memory. All models agree on the fact that 
working memory capacity is limited. In Baddeley’s model, limitation occurs from the constraints 
inherent to the slave systems, and particularly to the speed at which rehearsal can be conducted. 
Limitation also comes from the amount of processing resources available to the central executive. In 
Engle’s model, working memory limitation is mainly attributed to the amount of executive attention 
available to the individual to maintain, sustain and shift attention as well as to inhibit irrelevant 
information. Notwithstanding, limitation in the amount of available knowledge and in the efficiency of 
content-specific skills may also contribute to constrain working memory capacity. Finally, Cowan 
conceives the limits of working memory both in terms of the time a representation can be activated 
and in terms of the number of unrelated elements that can be simultaneously maintained in the focus 
of attention. Hence, more or less implicitly stated in each model, limitation may arise from the amount 
of attentional resource available to the system and to time constraints that affect the duration of 
temporary maintenance of information. 
 
A final issue needs to be discussed in regards of the focus of the present work. This concerns the 
developmental changes that are assumed by, or may be inferred from, the theoretical propositions that 
were presented. Generally, it can be assumed that the mechanisms and components that constraints 
the limits of working memory are age-sensitive. Baddeley, for example, argues that development in 
childhood is associated with an increase of the speed at which elements can be rehearsed in the 
phonological loop, or, more generally, in both slave systems. In addition, development is associated 
with a progressive use of strategies, and particularly those that allow to conduct deliberately overt 
verbal rehearsal or to recode visual images into phonological codes. In addition, propositions were 
made that aging is associated with a decrease of attentional resources available to the central 
executive, although it remains unclear whether all its functions are similarly affected. In Engle’s model, 
age difference have not been directly considered. However, given that the model places a large 
emphasis on individual differences in the amount of executive attention, it may be hypothesized that 
age difference would also mainly concern this particular component. Indirect evidence to this 
assumption is brought by findings suggesting that older adults are more hampered than younger ones 
in resisting interference and keep track of the task goals (e.g., Hasher et al., 1999; West & Baylis, 
1998). Finally, in Cowan’s perspective age-related changes in working memory are mainly attributed 
to an increase in the efficiency of the control processes and in the size of the attentional focus. Taken 
together, these theoretical propositions tend to suggest that development is mainly associated with 
changes in the efficiency of the control mechanism and the amount of processing resources available 
to the individual. With respect to adult development, there are good reasons to believe that aging is 
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associated with a decrease in the efficiency of, and/or the amount of resources available to attentional 
control and these age-related changes may largely account for the age-related reduction in working 
memory capacity. In the next chapter, we will review the biological implementation of working memory 
in the brain as well as the modifications specifically associated with aging. 
 
 
Chapter III  











First known description of the brain: Hieroglyph transcriptions of “corrugations”, “membrane” and “fluid” 




We shall introduce this section by providing the reader with a few rapid landmarks from the history of 
neuroscience, with respect to the present concern, that is, the cognitive aging and the brain. To begin 
with, it should be mentioned that the first known description of the brain may be found in the Edwin 
Smith Surgical Papyrus, a document from ancient Egypt written around the year 1700 BC, and 
currently part of the collection of the New York Academy of Medicine. In this papyrus, 48 cases of 
injuries are reported, among which 27 concern the injuries of the head. Of particular interest, is the 
report of Case 6 “A gaping wound in the head, fracture of the skull and opening of the meninges” in 
which the first written anatomical reference to the brain appears. In this brief case report, the brain is 
described as resembling “those corrugations which form molten copper". A hint is also made to the 
meninges and the cerebrospinal fluid using the terms “membrane covering the brain” and the “fluid in 
the interior of the head” (Bardinet, 1995; Breasted, 1930). Another fairly important landmarks should 
be placed during the Renaissance. In 1543, the Belgian anatomist Andreas Vesalius was the first to 
claim in his revolutionary text De Humani Corporis Fabrica, Libri septem (On the working of human 
body, Book Seven), that higher cognitive functions such as emotion or memory rely upon the brain, 
rather than upon the ventricles as asserted by the hundreds years lasting Galien doctrine. If Vasalius 
located higher functions in the brain, it was only a century later, in 1664, that the first functional 
anatomic features of the brain were described by the English anatomist Thomas Willis (1621-1675) in 
Chapter III  
Attentional control: Neural bases 
 97
the monograph entitled Cerebri anatome (on this issue, see Feindel, 2003; Grand, 1999). Functional 
anatomy was further investigated by the German anatomo-physiologist Franz Joseph Gall (1758-
1828), who assumed that thirty-one specific mental functions could be identified and associated to 
specific location in the cerebral convolutions of the brain. Hence, Willis and Gall’s work settled the 
bases of the functional neuroanatomy and the association between specific brain areas to specific 
behaviors. Another key landmark is the publication in 1867 by French neurologist Jean-Martin Charcot 
(1825-1893) of a monograph reviewing series of neurological disorders associated with aging (Goetz, 
2002). Although the book mostly concerned psychiatric disorders and descriptions of types dementias, 
it should nonetheless be viewed as cornerstone in the study of the aging brain. A final key landmark 
relevant to the present purpose is the 1848 case report by John M. Harlow of a nowadays famous 
patient, Phineas Gage (Harlow, 1848; see also Damasio, Grabowski, Frank, Galaburda, & Damasio, 
1994, Macmillan, 1986; 1996a; 1996b). Pineas Gage was a railroad worker wounded by an iron rod 
after an explosion. The rod went through the head, damaging the left side of the skull and caused a 
frontal lobe lesion probably on both hemispheres (Damasio et al., 1994). After the accident, Harlow, 
reported: “It was if Gage lost the balance between his intellectual faculty and animal propensities." 
(Harlow, 1848). Gage was indeed no longer able to observe social conventions, make good life 
choices and plans. He lost the faculty of using rules and strategies to achieve reasoning. His friends 
said: “Gage was no longer Gage.” Phineas Gage was the first patient described in the literature 
demonstrating an ensemble of inappropriate and unadjusted behaviors, comparable to those defining 
the “frontal lobe syndrome”. 
 
The present chapter aims at providing a review of some findings enabling to discuss biological 
accounts of cognitive aging, and most specifically on the neurofunctional assumptions made in 
regards of the age-related differences in working memory and attentional control. Following this gait, 
the text will be organized as follows: As an introduction, some information on the anatomy of the 
human brain will be provided. Subsequently, issues regarding the functional anatomy of the frontal 
lobes will be discussed firstly with respects to neuropsychological findings, and secondly with respects 
to results of brain imaging experiments. These topics will serve to introduce the central concerns of 
this chapter, namely the biological accounts of the age-related changes in working memory and 
attentional control. After having provided some structural and functional characteristics of the aging 
brain, the “frontal lobe hypothesis of cognitive aging” will be presented and challenged, mainly based 
on findings from neuroimaging experiments. The chapter will close with the review of recent findings 
suggesting that aging may indeed be associated with neurofunctional compensation. 
 
III.1. GENERAL CONSIDERATIONS 
The brain is a organ weighting about 2% of the total body weight. It is composed of 40% of grey matter 
(i.e. nerve cell bodies), 60% of white matter (i.e. nerve axons) and of about 125-150 ml. of 
cerebrospinal fluid. The number of neocortical neurons averages 20 billions and the number of 
synapses is of approximately of 0.15 quadrillion (Pakkenberg et al., 2003; Pakkenberg & Gundersen, 
1997). Most of the oxygen consumed by the brain (approx. 94%) is used by grey matter. From the 
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total brain volume, cerebral cortex occupies 77%, the cerebellum 10%, the diencephalon 4%, the 
midbrain 4%, the hindbrain 2% and the spinal chord 2% (Swanson, 1995). The cerebral cortex is 
divided into four lobes : the frontal, parietal, temporal and occipital lobe (see Figure 9). With respect to 
the total cerebral cortex volume, the frontal lobes represent the largest portion with 41% of cortex. The 
corresponding percentages for the temporal, parietal and occipital lobes are of 22%, 19% and 18%, 
respectively (Kennedy et al., 1998). 
 
 
Figure 9. Gross anatomy of the brain and the limbic system 
 
 
Figure 10. Brodmann’s areas in the outer (left) and inner (right) sides of the brain 
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The cerebral cortex demonstrate different histological characteristics. Brodmann (1909, translated in 
Garey, 1999) isolated 52 distinct regions and proposed a cytoarchitectonic map of the brain (see 
Figure 10). These regions, known as Brodmann areas, also demonstrate functional differences. 
Primary cortices, for example, correspond to BA17 for vision, BA41 for audition, BA1, BA2, BA3 for 
somesthesy and BA4 for motion. Other relevant areas are BA9/46 which correspond to the prefrontal 
cortex, BA10 that matches the frontopolar region, BA6 which is premotor area. Additionally, the left 
BA44/45 and BA39/40 correspond to Broca’s and Wernicke’s areas, and are located at the opercular 
and triangular sections of the inferior frontal gyrus and in the parietal supramarginal gyrus, 
respectively.  
 
The conduction of information in the brain is achieved by means of electrical activity running down the 
axons (i.e. action potentials) and by neurotransmission, allowing communication between nerve cells 
at the synaptic level. There are many kinds of neurotransmitters identified, among which glutamate 
and aspartate which are the major excitatory ones, and the γ-Aminobutyric acid (GABA) which is the 
main inhibitory one. Several neuromodulators have also been identified, among which dopamine 
(Grace, 2002), serotonin (Aghajanian & Sanders-Bush, 2002), and acetylcholine (Picciotto, Alreja, & 
Jentsch, 2002). These regulate neurotransmission and are implicated in various brain functions, 
among which, cognitive processing (see Robbins, 2000, for a review).  
 
 
III.2. ATTENTIONAL CONTROL AND THE FRONTAL LOBES 
With respect to present concern, the further discussion of the neurofunctional anatomy of the brain will 
be restricted to the biological bases of attentional control and will point out the central role of the 
dorsolateral prefrontal cortex as a neural correlate to this construct. Dorsolateral prefrontal cortex 
occupies some combination of Brodmann’s areas 9, 46 and 10 and need to be functionally 
distinguished from the ventrolateral and orbitofrontal parts of the frontal lobes (Stuss & Levine, 2002). 
The dorsolateral prefrontal cortex is massively interconnected with other cortical and subcortical areas 
(Fuster, 1989; Kaufer & Lewis, 1999; Pandya & Barnes, 1987; Petrides & Pandya, 2002, see Figure 
11) that were all pointed out (e.g., Baddeley, 2003; E. E. Smith & Jonides, 1998) as part of the working 
memory system (see Figure 5, p.72). The dorsolateral prefrontal cortex is meant to play a crucial role 
in the control of behavior, by regulation, sequencing and coordination of activities (B. L. Miller & 
Cummings, 1999). Evidence supporting the involvement of the frontal lobes in attentional control is 
brought both from case reports of patients with frontal lobe damage (for a review, see Alexander & 
Stuss, 2000; T. Shallice & P. Burgess, 1991), from patients assumed to demonstrate a dysfunction in 
the dopamine system (Braver, Barch, & Cohen, 1999; Braver & Cohen, 2000; O'Reilly et al., 1999) 
and from findings of brain imaging studies conducted in healthy individuals (Carpenter, Just, & 
Reichle, 2000; E. E. Smith, 2000; E. E. Smith & Jonides, 1997, 1998). 
 
Before we pursue in reviewing empirical findings, we should comment and tentatively clarify three 
general issues. The first relates the possible distinction between “frontal” and “executive” functions. 
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The second issue relates to the possible diversity of these functions and the third one relates to the 
relation between these functions and working memory. By clarifying these issues, we hope to settle 
our position with respect to the boundaries and commonalities between “executive functions”, “fontal 
lobe functions”, “attentional control” and “working memory”. 
 
With respect to the first issue, there is no consensual agreement on whether or not “frontal” and 
“executive” function refer to a similar construct. Indeed, while some authors (e.g., Stuss & Levine, 
2002) claim that both terms should be used interchangeably, others clearly call for a sharp distinction 
(e.g., Baddeley & Della Sala, 1998; Baddeley & Wilson, 1988b). It might hypothesized that, as far as 
neurofunctional anatomy of the frontal lobes is of primary concern, then frontal and executive functions 
might be overlapping constructs. However, if the primary focus deals with cognitive processes, then 
the “frontal function” might be too restrictive and the more general term of “executive function” would 
be more appropriate, for it is not restricted by anatomical concerns. Ultimately, we will consider that 
the construct of “frontal function” is embedded in that of “executive function”. Furthermore, and in 
accordance with Miyake et al. (2000), we will consider that “executive function” might be 
interchangeably used with “general purpose control mechanisms”.  
 
 
Figure 11. Schematic diagram of principal cortico-cortial connection within frontal 
lobe regions. Double-head arrows indicate reciprocal connections. OFC, orbitofrontal 
cortex. Reproduced from Kaufer and Lewis (1999).  
 
 
With respect to the second issue that questions the unity of executive functions, there is converging 
evidence suggesting that although functions may be distinguished, they nonetheless share common 
features (Miyake et al., 2000; Robbins, 1996). As a sample case of empirical findings supporting this 
statement, are results reported by Miyake et al. (2000). These authors devised a experiment in which 
they provided 137 college students with a large battery of tasks meant to evaluate executive 
functioning. The battery consisted in three 3 tasks assessing switching between mental sets, three 
tasks assessing updating in working memory and three tasks assessing resistance to interference. In 
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addition, participants received two tasks assessing working memory capacity, the Operation Span task 
and a dual-task, and three tasks widely applied in neuropsychology to assess frontal lobe damage, 
namely the  Wisconsin Card Sorting Test (WCST), Tower of Hanoi and Random Generation. From the 
results of a first set of confirmatory factor analysis, Miyake et al. (2000) demonstrated that switching, 
updating and inhibition could be distinguished. Indeed, the model that best accounted for the data 
contained three latent variables, one for each defined function. However, fairly large correlations were 
reported between the latent constructs and all of the tasks investigated kept large amounts of 
idiosyncratic variance that was not explained by the proposed factors. Hence, although the functions 
could be isolated, they nonetheless shared substantial common characteristics while each task held 
substantial singularities. In a second series of analyses, Miyake et al. (2000) investigated how the 
functions they formerly distinguished could account for performance in the more complex working 
memory and “frontal” tasks. Results revealed that performance in the Tower of Hanoi was accounted 
for by Inhibition, that the WCST was accounted for by switching and that Random Generation, was 
accounted for either by Inhibition (when indexed by a score reflecting prepotency of response), or by 
Updating (when indexed by a score reflecting the equality of response usage). In regards of working 
memory tasks, the findings were less clear-cut. Performance in the Operation Span was best 
accounted for by Updating, but interestingly enough, Switching did not correlate with performance. 
Finally, dual task performance was not accounted for by any of the latent constructs investigated. In 
this regard, Miyake et al. (2000) hypothesized that performance in the dual task, but eventually also in 
the Operation Span task, could possibly be accounted for by a coordination process, unfortunately not 
investigate in the experiment. With respect to the overall pattern of findings, Miyake et al. (2000) 
claimed for a unity and diversity of executive functions and proposed that unity could accounted for by 
a domain-free controlled attention capacity (comparable to Engle's executive attention construct, e.g. 
Engle, 2002) and that the diversity could be attributed to process specificities. 
 
The conclusions drawn by Miyake et al. (2000) leads directly to the issue that questions the overlap 
between working memory and executive functions. Provided that one agrees with Miyake et al.’s 
(2000) interpretation, the relation between the two constructs appears somewhat straightforward.  
Indeed, one could presume that the attentional component of working memory indeed reflects the 
common underlying and domain-free component of executive functions, while content-specific skills 
and strategies (e.g. phonological coding or overt verbal rehearsal) may reflect the singularities found 
in executive functions. Thus, it is assumed that only the attentional control component of working 
memory relies upon the frontal lobe, and more specifically upon its dorsolateral section. Given that 
attentional control has been pointed out as a crucial component accounting for both age (Cowan, 
1997) and individual difference (Engle & Kane, 2004) in working memory capacity, we shall assume 
that prefrontal functioning, on which it relies, may do similarly. Again, it is not that working memory 
needs to be assigned to the frontal lobes, but these should be seen as functionally important brain 
structures in the gait followed in the present work, that is accounting for age and individual differences 
in cognition.  
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III.2.1. NEUROPSYCHOLOGICAL EVIDENCE 
Frontal lobe damage, as exemplified by the case of Phineas Gage (Damasio et al., 1994; Macmillan, 
1996a), is grossly characterized by a loss of the ability to plan, sequence and coordinate behavior 
(Stuss & Alexander, 2000). Lesions of the frontal lobes may be distinguished into two broad types: 
those that affect the dorsolateral prefrontal cortex (DLPFC), which relates to cognitive functions, and 
those that affect the ventromedial/orbitofrontal cortex (VPFC), which are related to emotional functions 
(Stuss & Levine, 2002). With respect their relevancy for the present study, only the lesions affecting 
the dorsolateral part will be discussed.  
 
Lesions of the DLPFC, and particularly those located on the left hemisphere, have been associated 
with deficits in verbal fluency tasks (Stuss et al., 1998) and were attributed to a difficulty in initiating 
verbal behavior and switching between clusters. Damages to DLPFC were also associated with 
episodic encoding and retrieval impairments (e.g., Levine et al., 1998) as well as with difficulties in 
recognition (see Wheeler, Stuss, & Tulving, 1995, for a review). In all these tasks, impairment is 
usually larger when monitoring, verification and attribution of a spatio-temporal context is required. 
Moreover, retrieval difficulties are larger when the lesion are right lateralized and expanded down to 
the ventromedial cortex (Milner, Corsi, & Leonard, 1991). Difficulties in making stimulus guided 
responses, as in Tower of London/Hanoi task, have been reported in DLPFC patients, as well as 
impairments in tasks requiring associative learning such as the self-ordered pointing task (Owen, 
Downes, Sahakian, Polkey, & Robbins, 1990). Patients with lesions of the DLPFC also demonstrate 
deficits in tasks involving attentional switches, such as the Wisconsin Card Sorting Test (Stuss et al., 
2000), the Trail Making Test TMT-B (Stuss, Bisschop et al., 2001), or in set shifting tasks (Owen, 
Roberts, Polkey, Sahakian, & Robbins, 1991). Inhibition deficits have been also reported in tasks such 
as the Color Stroop Test (Stuss, Floden, Alexander, Levine, & Katz, 2001), the Hayling task (Burgess 
& Shallice, 1996) or in Go No-Go paradigms (Godefroy, Lhullier, & Rousseaux, 1996), in which 
DLPFC patients are particularly impaired. Finally, dual-task performance appears to be affected in 
case of DLPFC lesions (Baddeley, Della Salla, Papagno, & Spinnler, 1997). 
 
From this short review, it may be concluded that patients with DLPFC demonstrate difficulties in 
attention demanding executive processes such as planning (e.g. in WCST), response initiation (e.g. 
Verbal Fluency), response inhibition (e.g. Color Stroop), attention switching (e.g. TMT-B) and dual 
task coordination. However, it should be briefly pointed out that not all patients with DLPFC lesions 
demonstrate impairment in executive tasks (e.g., T. Shallice & P. W. Burgess, 1991) and that patients 
with focal lesions outside the frontal lobes may eventually demonstrate impairments on “frontal” tests 
(S. W. Anderson, Damasio, Jones, & Tranel, 1991; Reitan & Wolfson, 1994). This again suggests that 
although the dorsolateral prefrontal cortex is involved in attentional controlled processes and in higher-
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III.2.2. NEUROPHARMACOLOGICAL EVIDENCE 
It was mentioned earlier in the text that the dorsolateral prefrontal cortex shares multiple connections 
with various other brain areas. Of additional relevance to the neuropharmacological issue, the 
prefrontal cortex targets main sources of monoaminergic and cholinergic systems, including 
dopamine, noradrenalin, serotonin and acetylcholine. Hence, there are good reasons to believe that 
neurotransmission participates to executive functioning (Ellis & Nathan, 2001; Robbins, 2000; Usher & 
Davelaar, 2002). With respect to the present work, only dopamine findings will be discussed. 
 
In humans, the relation between dopamine and attentional control has been investigated, although by 
indirect means. An examples, studies evaluating individuals with Parkinson’s disease demonstrated 
that these patients, in which the dopaminergic system is altered, present deficits in executive tasks 
(Owen, Sahakian, Hodges, & Summers, 1995). It was also reported that L-dopa medication improved 
performance on tasks assessing executive functions (Growdon, Kieburtz, McDermott, Panisset, & 
Friedman, 1998). Finally, healthy volunteers under D2 antagonist drugs were reported to show 
performances in executive tasks similar to those shown by Parkinson’s patients (Mehta, Sahakian, 
McKenna, & Robbins, 1999).  
 
Of further interest, is the model of cognitive control proposed by Cohen et al. (Cohen & O'Reilly, 1996; 
Cohen & Servan-Schreiber, 1992; Servan-Schreiber, Printz, & Cohen, 1990) which considers 
dopamine as a gating mechanism to active memory. As a sample case, these authors used 
schizophrenia, a disorder for which alteration of the mesocortical dopaminergic system was 
documented and in which behavioral alterations such as distractibility and loosening of associations 
were reported (Braver et al., 1999; Cohen & Servan-Schreiber, 1992). The initial aim of a large series 
of experiments was to investigate the relationship between the cognitive deficits and the biological 
abnormalities found in this particular psychiatric disorder. More precisely, the authors assumed that 
the cognitive deficits found in schizophrenia were due to an impaired ability to represent, maintain and 
update context information, and that these impairments could be accounted for by dysfunctional 
interactions between the dopamine system and the prefrontal cortex (Braver et al., 1999). Based on 
findings from both behavioral and connectionist modeling procedures, Cohen et al. (Cohen, Braver, & 
Brown, 2002; Cohen et al., 1998; Cohen & Servan-Schreiber, 1992) proposed a computational model 
of cognitive control.  
 
According to this model, control over processing is achieved through a context processing module 
involving the prefrontal cortex and the dopamine system, as well as a gating and a bias mechanisms 
operating between the two (see Figure 12, panel A). The gating is under the govern of the dopamine 
system. Dopamine modulates the responsivity of the prefrontal cortex entrance units and triggers the 
information that is allowed through the gate, thereby updating the content of memory temporarily 
maintained active by the prefrontal cortex. Under phasic dopamine activity, the gate is open. When 
closed, under tonic activity, the gate serves to prevent noise and task-irrelevant information to enter 
memory. The tonic/phasic timing of the dopamine system is learned through a reward prediction 
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learning mechanism that allows to select task-relevant information, as function of its potential for future 
reinforcement. Aside from the gate, the model considers a bias mechanism, or feedback pathway, 
which permits biasing local struggle by favoring one activation pathway over its competitors. De facto, 
the biais produces a relative inhibitory effect through the enhancement of the activation of an 
otherwise weak pathway, enabling it to compete effectively with a more dominant one. The context 
processing module assumes three cognitive functions: a) attention, or selection of task-relevant 
information, achieved by gating b) active temporary maintenance in the prefrontal cortex and c) 




Figure 12. Canonical model of prefrontal control (A) and key properties of the principal brain systems 
(B). Reproduced from Braver and Barch (2002) and O'Reilly, Braver and Cohen (1999) 
 
 
Another interesting proposition made by Cohen et al. (e.g., Braver & Cohen, 2000; O'Reilly et al., 
1999) is the account of the distinction between controlled and automatic processing (represented in 
Figure 12, panel B). This account is made by considering three principal components: a) perceptual 
and motor structures (PMC) which provides estimates of structural/statistical properties of the world 
through similarity-based distributed representations a) the prefrontal cortex (PFC), which flexibly 
updates information, maintain these over time in the face of interference and propagates activation 
from these representations to bias PMC and c) the hippocampal formation (HCMP) which is in charge 
of binding elements of novel representations and uses sparse conjunctive separation to form new 
episodic representations. According to the model, control processing arises from the interplay between 
PCF biasing and HCMP binding (Cohen & O'Reilly, 1996). The degree to which controlled processing 
is engaged in a task is determined by the requirement for sustained, weakly learned or coordinated 
processing and/or the requirement for rapid storage and access to novel information. The former is 
achieved by the biasing property of the PFC and the latter by the binding property of the HCMP. 
Biasing allows sustained attention, by producing a focus of activity among PMC units that can be be 
supported over temporally delayed periods. Binding permits to rapidly assemble task-relevant 
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information into an episodic representation that can be easily retrieved and used during task 
performance. In this view, automatic processing results from activity propagation through PMC and 
controlled processing reflects the additional constrain on this flow applied by the PFC and/or HMPC. 
Hence, according to the Cohen et al. (e.g., Braver & Cohen, 2000; O'Reilly et al., 1999) model, the 
interplay between the dopamine system, the prefrontal cortex and the hippocampus is crucial to 
achieve attentional control. The core mechanism is the dopaminergic system. When altered, as in 
schizophrenia, efficient control can no longer be achieved. 
 
III.2.3. EVIDENCE FROM BRAIN IMAGING STUDIES 
Aside from neuropsychological and neuropharmacological evidence, findings from an ever growing 
ensemble of neuroimaging studies further support the central role of the prefrontal cortex in attentional 
control. Providing an exhaustive appraisal of these findings is beyond the scope of the present work, 
but the reader will find good reviews in the existing literature (e.g., Cabeza & Nyberg, 1997; 2000; 
Collette & van der Linden, 2002; Courtney, Petit, Haxby, & Ungerleider, 1998; Grady, 1999; Hartley & 
Speer, 2000; E. E. Smith, 2000; E. E. Smith & Jonides, 1997). In this section, we shall only point out a 
few general lines of findings relative to the recruitment of prefrontal areas in various cognitive tasks. 
This overview is centered on Brodmann areas  BA9/46, BA10, BA47 and, BA44/45 (see Figure 13, left 
panel) and organized accordingly.  
 
Activity in BA46 has been reported in tasks assessing verbal (e.g., Awh, Smith, & Jonides, 1995; 
D'Esposito et al., 1995) and non verbal (e.g., D'Esposito et al., 1998; E. E. Smith et al., 1995) working 
memory, episodic encoding (e.g., Owen, Milner, Petrides, & Evans, 1996) and retrieval (e.g., Kapur et 
al., 1995), face processing (e.g., Grady et al., 1996), as well as in tasks assessing selective and 
divided attention (e.g., Corbetta, Miezin, Dobmeyer, Shulman, & Petersen, 1991). When found, activity 
in BA46 is usually left lateralized for verbal working memory and episodic encoding, while it is mainly 
right lateralized for nonverbal working memory, face processing, episodic retrieval and divided and 
selective attention. As concerns activity of BA9, a fairly similar patter of findings has been reported, to 
the exception of a left lateralized activity during nonverbal working memory tasks (e.g., Gold, Berman, 
Randolph, Goldberg, & Weinberger, 1996) and to an additional left sided involvement in semantic 
retrieval (e.g., Frith, Friston, Liddle, & Frackowiak, 1991b). Finally, activity in BA9 was also reported in 
object and face processing (e.g., Kosslyn et al., 1993), with no side consistency across studies. BA10 
activity has been reported for both verbal and non verbal episodic retrieval on either hemisphere (e.g., 
Grasby et al., 1994; Tulving, Kapur, Craik, Moscovitch, & Houle, 1994). Left-sided activity is 
associated with semantic retrieval (e.g., Jennings, McIntosh, Kapur, Tulving, & Houle, 1997) and 
visual working memory (e.g., Gold et al., 1996). BA47, specially on the left side, was mostly 
associated with semantic retrieval (e.g., Kapur et al., 1994) and language processing (e.g., Price et al., 
1994, Study 2). Episodic retrieval (e.g., Cabeza, Kapur et al., 1997; Owen et al., 1996) and visual 
working memory (e.g., Jonides et al., 1993; E. E. Smith et al., 1995) were also shown to activate this 
area, but mainly on the right hemisphere. A similar pattern was reported for BA45, which 
demonstrated activity mainly in memory retrieval, on the right side for episodic memory (e.g., Nyberg 
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et al., 1995) and on the left side for semantic memory (e.g., Jennings et al., 1997). Activity in BA44, 
which on the left side matches Broca’s areas, was mainly associated with verbal working memory, and 
related to the process of rehearsal (e.g., Awh et al., 1995; E. E. Smith, Jonides, Marshuetz, & Koeppe, 




Figure 13. Prefrontal areas discussed in the present text (left panel) and working memory activation peaks 
(right panel) for all studies considered in the meta-analysis conducted by Wager and Smith (2003)  
 
 
As a whole, these findings call for five general comments. First, there it appears that the prefrontal 
cortex participates to a broad range of cognitive activities. Second, it has become obvious that these 
various cognitive functions are represented throughout the cortex. Notwithstanding, and this is the 
third point, it seems that some functions are more concentrated on specific portions of the prefrontal 
cortex (see Grady, 1999 on this issue). Working memory seems to involve mainly the dorsolateral part 
of the prefrontal cortex (i.e. BA9/46), on the left hemisphere for verbal content and on the right one for 
visual and object contents. In addition, verbal working memory taps left BA44 (for a review of working 
memory, see Courtney et al., 1998; E. E. Smith, 2000). Episodic retrieval seems to be largely 
associated with BA9, BA10, BA45 and BA47, predominantly on the right side. However, a closer look 
to the tasks suggests that BA9 and BA10 are activated by mainly by free recall, while BA45 and BA47 
are involved in recognition (for a review, see Cabeza & Nyberg, 1997; Cabeza & Nyberg, 2000). 
Finally, semantic retrieval and language processing appeared to be particularly associated with left 
sided activity, located mainly on BA10 and BA47. Fourth, the striking laterality opposing right-episodic 
and semantic retrieval need to be related to the HERA (Hemispheric Encoding/Retrieval Asymmetry) 
model proposed by Tulving et al. (Tulving et al., 1994, see also Habib, Nyberg, & Tulving, 2003, 
Nyberg et al., 2000, and Nyberg, Cabeza, & Tulving, 1996). This model indeed points out the 
episodic/semantic retrieval lateralization, as well as the asymmetry between episodic encoding 
processes, located on the left hemisphere, and recall ones, located on the right. Finally, although 
gross functional architecture can be sketched from these findings, it nonetheless appears that they 
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remain characterized by a large heterogeneity. Note that this conclusion was also drawn by Wager 
and Smith (2003) who conducted a meta-analysis of 60 PET and fMRI studies although restricting the 
analysis to working memory. As an illustration, peak activities collected by Wager and Smith (2003) 
are displayed in the right panel of Figure 13. 
 
 
III.3. THE COGNITIVE NEUROSCIENCE OF AGING 
The are no doubts about the fact that aging is associated with a variety of changes in both the 
structural and the functional level. As concerns the former, age-related decrease in the number of 
neurons (Wickelgren, 1996), in the number of synapses (Geinisman, 1999) and in the total brain 
volume has been reported. As concerns the latter, findings further suggest that not all brain areas 
demonstrate similar losses. An example can be found in the results of a study conducted by Raz, 
Gunning-Dixon, Head, Dupuis and Acker (1998). The authors used structural magnetic resonance 
imaging (MRI) to measure individual brain volumes (in cm3) in a population of healthy adults aged 20 
to 80. Raz, Gunning-Dixon et al. (1998) reported significant correlations between age and volume for 
the entire brain (r=-.42), for the dorsolateral prefrontal cortex (r=-.55), for the orbitofrontal cortex  
(r=-.48) and for the inferior temporal cortex (r=-35). However, the correlations between age and brain 
volume were not significant either for the inferior parietal lobule (r=-.18), for the parahippocampal 
gyrus (r=-.18) or for the anterior cingulated gyrus (r=-.18). These findings demonstrate that some 
associative areas are more sensitive to age differences than others. Furthermore, findings show that 
the larger losses occur in the frontal areas.  
 
Aging is also commonly associated with a decrease in various indices assessing brain metabolism, 
including cerebral blood flow and cerebral oxygen or cerebral glucose consumption. However, findings 
are more convergent for regional measures, than for global ones. As concerns cerebral blood flow, 
findings of many studies reported significant age differences at both the global and the regional level 
(e.g., Krausz et al., 1998; Slosman et al., 2001; Waldemar et al., 1991), while some others failed to 
demonstrate age differences on global average measures and found significant age differences only 
for specific areas (e.g., Marchal et al., 1992; Mielke et al., 1998). A similar pattern of results was 
reported for oxygen consumption, with some results supporting both global and regional age 
differences (e.g., Yamaguchi et al., 1986), while others revealed only age differences at the regional 
level (Dastur, 1985; Frackowiak, Wise, Gibbs, Jones, & Leenders, 1984; Leenders et al., 1990). 
Finally, as concerns brain glucose metabolism, some authors reported significant age difference only 
at the regional level (e.g., Horwitz, 1987), while others found age differences on both global and 
regional indices (Azari et al., 1992; Loessner et al., 1995). However, for glucose metabolism, some 
authors even failed to report significant age differences on either the global or the regional indices 
(e.g., de Leon et al., 1987; Duara et al., 1983). As a whole, this ensemble of findings grossly supports 
the age-related decrease of brain metabolism, which appears particularly obvious on regional 
measures. Interestingly enough, age difference are usually larger in associative cortices, suggesting 
that these areas are more age sensitive than primary and secondary cortices.  
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Finally, age differences have been reported in various aspects of neurotransmission (for a review, see 
Agnati et al., 1990; Meltzer, 1999; Strong, 1998), with an age-related loss in either binding, transport 
and/or uptake of serotonin (Meltzer et al., 1998) and dopamine (e.g., de Keyser, de Backer, 
Vauquelin, & Ebinger, 1991; de Keyser, Ebinger, & Vauquelin, 1990; Volkow et al., 1994) as well as in 
the function of excitatory glutamate (e.g., Segovia, Porras, Del Arco, & Mora, 2001) and inhibitory 
GABA transmitters (e.g., Marczynski, 1998). 
 
Taken together, these findings suggest that aging is characterized by structural and functional losses, 
as supported by an age-related reduction at both the structural and the functional level of brain 
anatomy. In addition, neurotransmission seems to become lesser efficient with age. Finally, it appears 
that the associative areas, and most specifically the frontal cortex, are particularly sensitive to the 
aging process.  
 
 
III.3.1. AGING AS A “FRONTAL LOBE SYNDROME”   
As reviewed in Chapter I, cognitive aging is associated with a decrease in performance in a wide 
variety of cognitive tasks that call upon controlled processes. In Chapter II, findings were reported 
suggesting that working memory relies on a network of distributed brain areas and earlier in the 
present chapter, additional results suggested that the dorsolateral prefrontal cortex is particularly 
crucial with respect to controlled processing. In the previous section, we reviewed neuroanatomical 
findings demonstrating that aging is associated with a great deal of neurofunctional losses that affect 
primarily associative cortices, among which, prefrontal structures. Given these, it was pointed out that 
“there is a striking similarity between the functional deficits seen in a frontal lobe syndrome and those 
seen in normal aging” (Veroff, 1980). Even more, authors such as West (1996; 2000) went far beyond 
a simple straightforward observation and argued that cognitive aging could be compared to a frontal 
lobe syndrome. 
 
III.3.1.1. THEORETICAL PROPOSITIONS AND EMPIRICAL SUPPORT   
The key assumption of the frontal lobe hypothesis of aging is that “cognitive functions supported by 
the prefrontal cortex should reveal decline at an earlier age than those supported by other brain 
regions” (West, 1996, p. 272). At this general level, evidence supporting the frontal lobe hypothesis of 
aging should be twofold. First it should demonstrate that performance in some tasks is age sensitive, 
while performance in other tasks is unaffected by aging. Second, evidence should support a distinction 
between those impairments that are directly related to frontal function and those that are accounted for 
either by a functional decline of other parts of the brain, or by processes such as general slowing. 
West (1996; 2000) proposed a model of prefrontal function upon which predictions can further be 
made in regards of cognitive aging. This model carries three assumptions. First, the function of the 
prefrontal cortex is organized into a hierarchy of interactive processes. At a primary level, the 
prefrontal cortex supports the integration, formation and execution of complex behavioral structures. 
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These permit the behavior to be sequentialized in an appropriate manner. At a secondary level, the 
prefrontal cortex supports processes of retrospective memory, prospective memory, interference 
control and inhibition of the prepotent responses. The retrospective process serves to maintain on-line 
task-relevant information on which a temporal gestalt is constructed. The prospective process 
prepares the individual for executing the gestalt in response to internal or external cues. Interference 
control serves to clear information that are inappropriate for the current task. Finally, inhibition serves 
to keep behavior from being captured by dominant, but irrelevant responses. The second premise 
states that the dorsolateral prefrontal cortex is in charge of the retrospective and prospective memory 
as well as of the interference control, while the orbitofrontal cortex is in charge of inhibition. Finally, the 
third premise states that the action and interactions of these four processes underlie the selection of 
task-relevant information, sequence planning and constitution of memory traces by integration of 
semantic and contextual information. 
Applying this model to account for cognitive aging leads to the general prediction that age-related 
deficits should be reported on tasks that call upon each of the afore mentioned processes. Thus, age-
related deficits should appear when the task is dependant upon the retrieval of contextual information 
(i.e. retrospective memory), when performance is not or no longer supported by external cues and 
particularly temporal ones (i.e. prospective memory) and when the task requires interference control or 
inhibition of dominant irrelevant response. 
 
According to West (1996), a variety of findings bring supportive evidence to these predictions. First, 
findings revealing that older adults have lower performances in tasks assessing prospective memory 
and frequency estimation are taken as supportive of an age-related deficit in prospective processes. 
Similarly, age differences reported in source memory tasks are taken as an evidence supporting the 
age-related decrease in the ability to integrate multiple sources of information to construct a gestalt, a 
function that is also attributed to prospective memory. In addition, findings revealing age differences in 
tasks requiring inhibition of prepotent responses, such as the Color Stroop task, were further 
interpreted as evidence supporting age-related differences in inhibition. Finally, West (1996) argued 
that the age differences reported in tasks with a proactive interference component such as the Brown-
Peterson, were supportive of an age-related decline in the ability to resist interference. 
 
III.3.1.2. CHALLENGING THE FRONTAL AGING HYPOTHESIS   
While like supported to some level, the West’s (1996; 2000) frontal lobe hypothesis of cognitive aging 
has been challenged by several authors (e.g., Daniels, Toth, & Jacoby, in press; Greenwood, 2000), 
based on two major arguments: The first claims that the frontal lobe is not the only brain area that 
demonstrates a high sensitivity to age, and second claims that there is not enough consistency in the 
behavioral results to support the assumption of a general deficit of the frontal lobes. 
As concerns the first claim, it directly questions the core assumption of the hypothesis assuming a 
differential decline between frontal areas on the one hand, and the remaining cortical regions on the 
other hand. Indeed, a broad range of findings supports the fact that other areas of the brain 
demonstrate an age-related decline comparable to that of the frontal cortex. More specifically, parietal 
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and temporal associative areas seem to be equivalently age sensitive. Even more, there is behavioral 
evidence showing that visuo-spatial abilities, meant to rely mainly upon posterior regions, demonstrate 
a faster age-related decline than verbal abilities, that are meant to rely more upon frontal regions (e.g., 
Hale & Myerson, 1996; Jenkins et al., 2000). In the same vein, Greenwood (2000) argues that a wide 
variety of tasks relying primarily on other structures than the frontal lobes do demonstrate age-related 
decline. As examples, she mentions a) repetition priming, that depends upon occipitotemporal 
networks, b) visuo-spatial attention, that mostly relies upon the superior and posterior parietal cortex, 
as well as on the cingulate cortex, and c) face recognition, that also relies mainly on the 
occipitotemporal cortex and on the fusiform gyrus. 
 
The second argument brought against the frontal lobe hypothesis claims that there is still no 
consensus regarding the consistency of age-related deficit on tasks assumed to rely on frontal lobe 
function. De facto, there is some inconsistency with respect to age-related differences reported 
neuropsychological tasks assessing frontal lobe functions. Indeed, although age-related decline in 
performance was reported in experiments using the Wisconsin Card Sorting Test (e.g., Kramer et al., 
1994), the Trail Making Test (e.g., Salthouse & Fristoe, 1995), verbal fluency tasks (e.g., D. Cardebat, 
Doyon, Puel, Goulet, & Joanette, 1990) or various tower tasks (e.g., Ronnlund, Lovden, & Nilsson, 
2001), others failed to report any significant age differences (e.g., Boone, Miller, Lesser, Hill, & D'Elia, 
1990). In addition, some results further demonstrated that when basic components such as processing 
speed were controlled for, prior reliable age differences became either drastically reduced or no longer 
significant (e.g., Fristoe, Salthouse, & Woodard, 1997; Salthouse & Fristoe, 1995). An equivalent 
argument can be brought with respect to cognitive experimental tasks, as we already discussed in 
Chapter I. 
 
Hence, it appears that the frontal lobe hypothesis is either too restrictive, and/or not sufficiently 
specified to account for the cognitive aging phenomenon. Thus, although there is no doubts about the 
involvement of frontal areas in accounting for age related differences in cognition, the “striking 
similarity between the functional deficits seen in a frontal lobe syndrome and those seen in normal 
aging” pointed out by Veroff (1980) should only be kept as a similarity, because the cognitive aging is 
a too complex phenomenon to be accounted solely by an alteration of the frontal lobe. To this 
particular regard, there are recent brain imaging findings demonstrating that indeed, aging is 
associated with a reorganization of the functional structure of the brain. If “Gage was no longer Gage”, 
in aging, “frontal may no longer be frontal”…. 
 
 
III.3.2. AGING AND EVIDENCE FOR FUNCTIONAL REORGANIZATION  
The developments in brain imaging techniques such as PET and fMRI allowed tremendous 
development in the understandings of cognitive aging (for a review, see Cabeza, 2001a; Grady, 1998). 
Indeed, whereas until fairly recently, aging was commonly associated mainly with losses, a ever 
growing cluster of brain imaging findings suggests that an age-related functional reorganization occurs 
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in the brain (e.g., Cabeza, 2002; Park, Polk, Mikels, Taylor, & Marshuetz, 2001). Even more, this 
reorganization may help maintain high-level performances in the face of an unavoidable age-related 
biological decline (Cabeza, Anderson, Locantore, & McIntosh, 2002).  
 
In a recent review of brain imaging experiments addressing cognitive aging issues, Cabeza (2002) 
noted a fairly large convergence of results suggesting that older adults, as compared to younger ones, 
demonstrate a less clear-cut functional asymmetry of brain activity, and that, irrespective of the type of 
task considered. Indeed, contralateral recruitment was reported in episodic memory tasks (e.g., 
Cabeza, Grady et al., 1997; Cabeza, McIntosh, Tulving, Nyberg, & Grady, 1997; Stebbins et al., 
2002), in working memory tasks (e.g., Jonides et al., 2000; Reuter-Lorenz et al., 2000; Reuter-Lorenz 
et al., 2001; Reuter-Lorenz, Stanczak, & Miller, 1999; Rypma, Berger, & D'Esposito, 2001; Rypma, 
Prabhakaran, Desmond, & Gabrieli, 2001), as well as in tasks assessing inhibition (e.g., Nielson, 
Langenecker, & Garavan, 2002) and face recognition (e.g., Grady et al., 1994, see also Grady, 2002, 
for a meta-analysis).  
 
As a sample case, we report a 15O-H2O PET study on episodic encoding and retrieval conducted by 
Cabeza et al. (Cabeza, Grady et al., 1997; Cabeza, McIntosh et al., 1997). We mentioned earlier in 
the text that episodic encoding and retrieval demonstrate great laterality in younger adults, with 
encoding being left lateralized and retrieval being right lateralized (i.e. Hemispheric Encoding/Retrieval 
Asymmetry - HERA, Tulving et al., 1994). Cabeza, Grady et al. (1997) provided 12 younger and 12 
older adults with a paired associates task. Participants were asked to learns the word pairs by making 
meaningful relations. Subsequently, a cued recall task was administered. Results demonstrated that 
performance at recall was not significantly different across age groups. Additionally, as expected 
based on the HERA model, younger adults showed left sided activation at encoding and right-sided 
activation during recall. Furthermore, some regions showed greater activity at encoding than at recall 
in the younger adults but showed converse tendency in the older adults. Interestingly enough, the 
most striking task × group interaction was in left area BA47, which was recruited at recall by older 
adults. Finally, significant regions tended to be more activated during recall than during encoding in 
the young but not in the old. Among these, right BA9. Cabeza, McIntosh et al. (1997) further 
conducted path analyses to assess the underlying interaction among regions in either age groups. 
Results, reported in the right panel of Figure 14, showed that at encoding, younger adults rely on a left 
prefrontal-temporoccipital network. Older adults, demonstrated  more diffuse and less consistent 
pattern, although similar with respect to the left sided prefrontal activation. At recall, the interaction 
between the right and left prefrontal cortices were markedly increased in older adults, while in younger 
ones, only the right prefrontal was involved. Hence, these findings support the assumption of a 
functional reorganization with aging. Older adults, contrary to younger ones, do not fully rely on 
prefrontal areas at encoding, and it could eventually be assumed that they use lesser controlled 
processing to conduct the task. However, doing so, they might be impaired at recall. Nonetheless, no 
significant age difference were reported on the recall performance in mirror of a more bilateralized 
activity in older associated with the task. According to the authors, this pattern indeed suggests that 
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older adults are able to compensate encoding “failures” by recruiting additional, contralateral prefrontal 
areas at recall. Cabeza, McIntosh et al. (1997) further propose that the contralateral activity may be 
associated with the use of a strategy involving the reliance upon semantic cues (as a reminder, 
according to the HERA model, semantic retrieval is associated with left prefrontal activity, while 
episodic retrieval involves right sided activity). 
 
 
Figure 14. Examples of the Hemispheric Asymmetry Reduction in Older Adults. Reproduced from 
Cabeza (2002). Right: reproduced from Grady (1998) 
 
 
In the working memory domain, findings also suggest that aging is associated with a reduction of the 
functional lateralization (e.g., Jonides et al., 2000; Reuter-Lorenz et al., 2000; Reuter-Lorenz et al., 
2001; Reuter-Lorenz et al., 1999; Rypma, Berger et al., 2001; Rypma, Prabhakaran et al., 2001). We 
recently devised an experiment to further address this issue by providing younger and older adults 
with a verbal and a spatial version of a n-back task done under single photon emission computerized 
tomography, or SPECT (Chicherio, in preparation; Ludwig et al., 2003). Half of the population received 
the verbal task and the remaining half received the spatial one. Each participant underwent two 
scanning session, each associated with the acquisition of one full brain image corresponding either to 
a 0-back task (reference condition), or to a 2-back task (working memory condition). Although the 
expriment is still under progress, the results of preliminary analyses, conducted for the verbal task on 
a sample of 12 younger and 13 older adults supported the age-related decrease in hemispheric 
asymmetry (the experimental design, the detailed preliminary analyses and their associated results 
are provided in Appendix 2). Indeed, the analyses revealed that in the younger sample, the 2-back 
working memory task was mainly associated with left-sided activity, thus replicating results obtained 
with PET (e.g., Awh et al., 1996; E. E. Smith & Jonides, 1997) or fMRI (e.g., Braver et al., 1997; 
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Cohen et al., 1994; Cohen et al., 1997)30. Of further interest were two additional findings. First that 
older adults specifically recruited right BA9 in the 2-back task, while this area was not engaged by the 
younger. Thus, the age-related reduction of the functional asymmetry of the frontal lobes was 
replicated. The second interesting finding related to an age-related difference in brain activity reported 
in the posterior parts of the brain. Indeed, the results revealed that contrary to the older adults, the 
younger ones specifically engaged right BA19 and right BA7 in the 2-back task. This finding may 
suggest that younger adults rely on a brain network that includes the left prefrontal, the superior 
occipital and the parietal lobule to complete the 2-back verbal working memory task. To the contrary, 
older adults, who do not specifically recruit posterior areas, require more control from the anterior 
regions to manage the task, as possibly translated by the specific additional activity found in the right 
prefrontal area. Unfortunately, this hypothesis could not be directly addressed, for not enough data 
were available to adequately use dedicated multivariate analyses such as Partial Least Squares 
(McIntosh, Bookstein, Haxby, & Grady, 1996; McIntosh & Lobaugh, 2004) or Structural Equation 
Modeling (McIntosh & Gonzalez-Lima, 1994). It remains that the findings, although preliminary, were 
congruent with the hypothesis of an age-related decrease in the functional asymmetry and further 
supported the fact that older adults, in comparison with younger ones, may rely on a different 
ensemble of brain areas to conduct cognitive tasks. 
 
As pointed out by Park, Polk et al. (2001), such age-related functional reorganizations may 
theoretically take three distinct, although not exclusive, forms: a) contralateral recruitment of 
homologous regions, b) unique additional recruitment of non homologous sites and/or c) substitution 
which implies that totally different areas are recruited by younger and older adults. In addition, one 
should probably also consider the additional possibility of d) spatial expansion at similar locations. 
Given these, the question of whether the reduction of asymmetry holds a particular function or is 
merely a by-product of the effect of aging on the brain needs to be asked. Some elements of answer 
were provided by recent findings reported by Cabeza, Anderson, Locantore and McIntosh (2002).  
 
These authors conducted a study on a sample of 12 younger adults and 33 older adults. Older adults 
were initially provided with several tasks assessing memory which subsequently allowed to identify 
higher and lower performers based on a compound score. The remaining sample on which the brain 
imaging was conducted consisted in 16 older adults (8 high and 8 low performers), and 12 younger 
adults. These individuals were provided with an encoding, a recall, and a context memory tasks. As 
reported in Figure 15, results were quite straightforward. High performing older adults did demonstrate 
an asymmetry reduction, whilst low performers did not. This strongly supported the assumption of a 
compensatory mechanism translated by additional recruitment of brain areas, in this particular case, 
prefrontal homologous ones. 
 
                                                 
30 It is noteworthy to mention here that replicating previous findings obtained with different imaging techniques provided support 
for the use of 99mTc-HMPAO SPECT in activation protocols. As pointed out in the forwords, the experimental procedure used to 
acquire SPECT images under activation was reconsidered, subsequently to problems of cross-contanimation previously 
encoutered with this technique. Thus, convergent validity further supported the fact that the modifications introduced in the 
acquisition procedure were adequate. 
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Figure 15. Memory scores (left) and brain activation foci (right) for younger adults, and 




III.4. SUMMARY AND IMPLICATIONS FOR THE PRESENT WORK 
In this Chapter, the neural bases of working memory were discussed. Neuropsychological findings and 
findings from brain imaging experiments supported the fact that the attentional control component of 
working memory mostly relies upon the frontal cortex. This large brain area shares connections with a 
large ensemble of other brain regions, further suggesting that attention demanding tasks requiring 
volitional, effortful processes may engage more than the frontal lobes themselves. In the same vein, 
connectivity and neurotransmission were shown to participate to efficient cognitive processing, as 
modeled by Cohen et al. (Cohen & O'Reilly, 1996; Cohen & Servan-Schreiber, 1992; Servan-
Schreiber et al., 1990).  
 
With respect to developmental issues, findings were reported showing that aging is associated with a 
wide variety of biological changes, translated by structural and functional decline and losses. 
However, findings further suggested that not all brain areas are equally age sensitive, and that the 
largest age-related decline occurs in associative areas, and most crucially perhaps, in the prefrontal 
cortex. Provided the parallel between some behavioral and functional deficit reported in aging and in 
patients with frontal lobe damage, some authors (e.g., West, 1996; 2000) proposed a “frontal lobe 
hypothesis of aging”. This hypothesis claims that the age-related impairment of the frontal lobes can 
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account for a wide variety of age-related declines in cognitive performance. This hypothesis was 
subsequently challenged based on two lines of evidence. First, non consensus has been achieved 
with respect of the generality of the age-related decline in various neuropsychological and cognitive 
tasks meant to rely specifically upon frontal lobe integrity. Second, findings suggest that other areas 
than the frontal lobes demonstrate an age-related decline in functionality, hence pleading in favor of 
an age-related modification in an ensemble of areas, rather than solely in the frontal lobes. Finally, 
findings from brain imaging experiments provided evidence for age-related functional reorganization in 
the brain, allowing to compensate for biological losses. Interestingly enough, this plasticity 
phenomenon calls back to theoretical propositions made in earlier in the text (see Chapter I). Indeed, 
they support the notion of compensation proposed by Baltes and Baltes (1990) in the lifespan 
psychology theory and converge to the fact that aging is not necessarily associated with losses, but to 











OBJECTIVES OF THE STUDY 
 
 
“I believe it is important for us to understand that individual differences in working memory may or may not be mediated by the 
same factors that mediate the development of working memory. The reason I give this warning is that we must not rely on any 
given theory for explaining individual differences merely because it currently holds great support in explaining developmental 
change”. 




There is no doubt about the fact that working memory capacity plays a crucial role in a broad array of 
cognitive abilities (Baddeley, 1986; Miyake & Shah, 1999; Salthouse, 1991c). Yet, controversies 
remain on the nature and the functions of working memory (Shah & Miyake, 1999), with some 
envisaging working memory as a system and emphasize its architecture (Baddeley, 1986; Baddeley & 
Hitch, 1974), while others focus on its functions and emphasize its processes (Cowan, 1995; Engle, 
2002; Engle & Kane, 2004). Irrespective of the existing controversies, there is a common agreement 
on the important role played by its attentional component, in the temporary maintenance of 
representations in an easily retrievable state, in the face of interference (Engle & Kane, 2004).  
 
With respect to both age and individuals differences in cognition, working memory capacity, and most 
particularly its attentional control component, was shown to be related with differential performances in 
task requiring to divide attention (Conway, Cowan, & Bunting, 2001; Conway & Kane, 2001; Craik & 
Jennings, 1992; Hartley, 1992), to maintain active multiple tasks sets or long-term memory 
representations (Cantor & Engle, 1993; Kray & Lindenberger, 2000; Oberauer, 2003) and to resist 
interference (Hasher & Zacks, 1988; Hasher et al., 1999; Kane et al., 2001). In the current literature, 
however, there is fairly no direct evidence of the joint account of both sources of inter-individual 
differences upon cognitive performance, above and beyond those assessing quantitative differences 
by correlational means (e.g., Salthouse, 1991a). Indeed, it remains unclear whether individual 
difference in working memory capacity may - or may not - provide additional account of age-related 
differences in cognition. The central aim of the present study is to investigate this issue by means of 
an extreme group design (Alf & Abrahams, 1975; Conway et al., in press; Feldt, 1961). 
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IV.1. INDIVIDUAL DIFFERENCES IN WORKING MEMORY 
CAPACITY 
In Chapter II, we reviewed some of the findings from series of experiments conducted by Engle et al. 
(2002; Engle & Kane, 2004) using an extreme group design. As a reminder, this procedure allowed to 
identify, on the basis of a distiribution of working memory scores obtained in a given population, those 
individuals with larger and smaller working memory capacity (referred to as High Span and Low Span 
individuals, and corresponding to the individuals located at the lower and the upper tails of a 
distribution in which cut-off scores were determined on the basis of a quartile or tertile split). The 
studies conducted by Engle mainly addressed the issue of individual differences in working memory 
capacity and their account of performances in memory and selective attention tasks. Overall, these 
findings suggested that individuals with high working memory capacity (also reffered to as High Span 
individuals) outperform individuals with lower working memory capacity (or Low Span individuals) in 
tasks requiring effortful, controlled processing. As compared to Low Spans, High Spans are less 
susceptible to proactive interference (e.g., Kane & Engle, 2000),  can produce a larger ensemble of 
elements and make less intrusions in verbal fluency tasks (Rosen & Engle, 1997), have smaller 
numbers of intrusions in paired-associates tasks (Rosen & Engle, 1998), demonstrate smaller fan 
effects (Cantor & Engle, 1993). As opposed to Low Span individuals, High Span ones also 
demonstrate a significant negative priming effect (Conway et al., 1999) and are better able to 
suppress prepotent, automated responses (Kane et al., 2001; Kane & Engle, 2003). In the field of 
reading comprehension, several experiment also reported that High Spans outperform Low Spans, in 
abstracting themes from the narrative passages (Baker, 1985; Daneman & Carpenter, 1980, 
Experiment 2), in comprehending difficult sentences (King & Just, 1991), in detecting and recover from 
text inconsistencies (Daneman & Carpenter, 1983), in creating elaborative inferences (Whitney, 
Ritchie, & Clark, 1991), in solving lexical ambiguity (Just & Carpenter, 1992; MacDonald, Just, & 
Carpenter, 1992), in processing complex embedding (Just & Carpenter, 1992) and in using prior 
knowledge for text processing (Kaakinen, Hyoenae, & Keenan, 2002; Kaakinen, Hyona, & Keenan, 
2003). Overall, these findings suggest that individuals with larger working memory capacity are better 
able than individuals with lower capacity to temporarily maintain and easily access task-relevant 
information, and particularly in those situations in which interference needs to be resisted. According 
to Engle et al. (2002; Engle & Kane, 2004), individuals with large working memory capacity are more 
prone to use controlled attention than individuals with lesser available resources. As a results, the 
latter are less able to resist interference from prepotent, but nonetheless irrelevant response (Kane et 
al., 2001; Kane & Engle, 2000, 2003), to clear temporarily held information that has become no longer 
relevant (Rosen & Engle, 1997, 1998) or to avoid intrusions from irrelevant information (Conway et al., 
1999; Long & Prat, 2002, Experiment 2). Further evidence was brought to this interpretation by 
findings demonstrating somewhat counterintuitive outcomes. Indeed, in several experimental studies 
in which concurrent load was added to the primary task (Conway et al., 1999; Rosen & Engle, 1997), 
High Spans outperformed Low Spans in a control task, but performed as nearly as poorly under 
concurrent load, becoming virtually “functional Low Spans”. Moreover, and somewhat surprisingly, the 
load manipulation did not affect the performance of the Low Span individuals. Kane and Engle (2002) 
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interpreted this finding by suggesting that High and Low Spans differ in the type of processing 
engaged to solve these tasks. High spans tend to rely more upon controlled processing, which makes 
them suffer when attention is taxed by a secondary task. To the contrary, because of their restricted 
capacity, Low Spans tend to rely more upon automatic processing. 
 
It is important to remind here that most authors agree that working memory capacity is indexed by 
tasks that require not only to temporary store information, but also to actively process and manipulate 
it (Miyake & Shah, 1999). Theoretically, these tasks prevent the use of chunking or grouping strategies 
and, to a large extend, should be independent of specific acquired skills (Turner & Engle, 1989a). 
According to Engle and colleages, working memory tasks provide a measure of the number of 
elements that an individual can maintain in an easily retrievable state, in the face of interference 
(Conway et al., in press; Engle, 2001). Placed in Cowan’s terms, working memory tasks provide a 
measure of the number of elements that can simultaneously reside in the focus of attention (Cowan, 
1999, but see also Pascual-Leone, e.g. Pascual-Leone & Baillargeon, 1994, or Pascual-Leone & Ijaz, 
1989, for a similar perspective). However, as discussed in Chapter II, the ability to keep elements 
temporarily active functionally depend upon the amount of controlled, executive attention available to 
the individual (Engle, 2002; Engle & Kane, 2004) or upon the efficiency of controlled, executive 
processes (Baddeley, 1986, 1996a; Cowan, 1995, 1999), particularly important to resist interference, 
to solve conflicts among competing responses and select the appropriate ones, to switch between 
concurrent tasks or mental sets and to make action plans. Thus, individual differences in working 
memory capacity, as measured with dedicated tasks, ultimately reflect individual differences in 
controlled attention31. Even more, and as proposed by Engle and colleagues (Conway et al., in press; 
Engle, 2001, 2002; Engle & Kane, 2004), the measures provided by working memory tasks (e.g. the 
number of elements recalled, the time to complete a task, etc.) may reflect underlying qualitative 
differences in the ability to use controlled attention, above and beyond quantitative differences in the 
amount of controlled attention available to the individual. As a consequence, whereas individuals may 
distribute along one quantitative dimension (the measured score), it is assumed that portions of this 
distribution, and in particular the upper and lower tails, may reflect underlying individual qualitative 
differences as well. In other words, High and Low Span individuals distinguish one another not only by 
their score on tasks assessing working memory capacity, or the amount of executive attention 






                                                 
31 In the present work, we shall consider that working memory capacity, as indexed by working memory tasks, reflects 
controlled, executive attention, responsible the management of controlled, executive processes such as inhibition, coordination, 
switching, planning and updating. We shall thus use interchangeably working memory capacity, executive/controlled attention 
and executive/controlled processes, bearing in mind that the former refers to the score measured in working memory tasks, that 
the second refers to a general processing resource construct and that the latter describe processes that draw upon by this 
resource. 
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IV.2. AGE DIFFERENCES IN WORKING MEMORY CAPACITY 
As reviewed in Chapter I, age difference in working memory performance were largely reported 
(Babcock & Salthouse, 1990; de Ribaupierre et al., 1997; Jonides et al., 2000; K. Z. H. Li, 1999; Light 
& Anderson, 1985; Reuter-Lorenz et al., 2000; Reuter-Lorenz et al., 2001; Salthouse et al., 1989; E. E. 
Smith et al., 2001; Verhaeghen & Basak, 2005; Waters & Caplan, 2001). Extending Engle’s account of 
individual differences in working memory capacity to age differences in this cognitive score, brings to 
consider age differences in executive, controlled attention.  
This implies that not only younger and older adults differ on working memory tasks, but also that older 
adults are more hampered than younger ones in a variety of tasks requiring effortful, controlled 
processes. De facto, and as extensively reviewed in Chapter I, older adults usually demonstrate lower 
performances than younger ones in tasks requiring to divide attention across dual tasks (J. Y. Chen, 
2000; Kieley, 1990, cited in Hartley, 1992; Riby et al., 2004; Verhaeghen et al., 2003), to switch 
between task sets (Kray & Lindenberger, 2000; Wasylyshyn et al., 2003, cited in Verhaeghen, Cerella, 
Bopp, & Basak, in press) or to inhibit prepotent responses and resist to interference (Cohn et al., 
1984; Dulaney & Rogers, 1994; Hasher, Quig, & May, 1997; Hasher et al., 1999; Houx et al., 1993; 
Michael J. Kane, Lynn Hasher, Ellen R. Stoltzfus, Rose T. Zacks, & S. L. Connelly, 1994; Spieler et 
al., 1996; West & Alain, 2000). Further, age-related reductions in performances have been reported in 
tasks assessing higher order cognition, such as reading comprehension (De Beni & Palladino, 2000; 
Stine-Morrow, Ryan, & Leonard, 2000; Waters & Caplan, 2001), reasoning (Salthouse, Legg, Palmon, 
& Mitchell, 1990; Salthouse, Mitchell, Skovronek, & Babcock, 1990) or recall from long-term memory 
(Craik, 1977; Craik & Byrd, 1982; Craik & McDowd, 1987; Craik & Simon, 1980). Thus, these findings 
suggest that age differences in tasks engaging effortful, controlled processes could be attributed to 
age differences in executive attention. 
 
However, age differences in tasks assessing cognitive primitives (also viewed as executive, controlled 
processes) were not always reported, as discussed in Chapter I with respect to inhibition, coordination 
and switching. As concerns coordination, failures to demonstrate significant age differences have 
been associated with the lack of a common metric across studies and with differences in the care 
taken to statistically control for baseline performance (de Ribaupierre & Ludwig, 2003). They have also 
been related to the type of variable used to assess performance (J. Y. Chen, 2000), to dissimilarities 
across primary and secondary tasks (Tsang & Shaner, 1998), to sample differences (de Ribaupierre & 
Ludwig, 2003), to the effect of expertise (Tsang & Shaner, 1998), to differences in the way younger 
and older adults prioritizes each concurrent tasks (K. Z. H. Li et al., 2001) and/or to differences in the 
way resources are allocated to comply to the task instructions (Tsang & Shaner, 1998). Similar 
arguments were discussed in regard of inhibition and resistance to interference.  
Overall, the discrepancy of findings could be attributed to two, although not exclusive, causes. First, 
age differences in performance may largely vary as a function of the task resource demand in terms of 
the amount of executive attention required. As an example, tasks that are structurally similar 
necessitate more resources than tasks that are structurally dissimilar, most likely because of 
reciprocal interferences need to be overcome (Tsang & Shaner, 1998). Tasks that involve higher order 
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processing, or a larger number of computations to be conducted, are also more resource demanding 
than perceptivo-motor tasks or tasks that require a small number of cognitive operations (Craik & 
Byrd, 1982; Salthouse, 1991c). As well, tasks that necessitate the temporary maintenance of 
information, such a task-goals or task-relevant representations, in the face of internal or external 
interference, are undoubtedly more resource demanding that tasks that can be achieved by fairly 
automaticaly triggered or skilled procedures. Finally, given that there are reasons to believe that 
individual differences in working memory capacity remain fairly stable across the life span (Schaie, 
1984), part of the discrepancy in the findings relative to age differences in attentional demanding tasks 
could be attributed to individual difference in executive attention. All together, it might indeed be 
assumed a) that aging is associated with a reduction of executive attention which hampers older 
adults in tasks that are highly demanding in controlled processing and b) that individual differences in 
executive attention may further account for the pattern of performances observed in aging. This latter 
point, indeed, is at the center of the present work. Before reviewing the general hypotheses formulated 
in this study, we will provide its general design.  
 
 
IV.3. GENERAL DESIGN OF THE EXPERIMENT 
In this experiment, younger and older adults with high and low working memory capacity were 
identified on the basis of a compound working memory score computed as the average performance 
obtained on two working memory tasks, a French adaptation of the Daneman and Carpenter (1980) 
Reading Span task and a modified version of the Loisy and Roulin (1992) Matrices task. All 
participants further received a large set of tasks meant to assess various aspects of cognition, 
including dual-task coordination (Paper and Pencil Test - Baddeley, Della Salla, Gray et al., 1997; 
Continuous Monitoring Task -  Frensch, Lindenberger, & Kray, 1999), recall from short-term memory 
(variants of the Digit Span and the Corsi Blocks - Bindschaedler, 1985), recall and recognition from 
long-term memory (Delayed Recall and Recognition items from the GFT -  Perrig, Kling, Meier, Hofer, 
& Serafin, 1994), processing speed (Target Detection item from the GFT - Perrig et al., 1994) and 
resistance to interference (Color Stroop Task - Spieler et al., 1996). As mentioned in the foreword, the 
test battery was initially settled for a former study conducted by Magistretti and colleagues (1996-
2001) to investigate early determinants of Alzheimer’s diseases. The design was further applied, in a 
parallel experiment, to investigate age-related differences in cognition, above and beyond the disease 
associated cognitive features. As such, the experimental design and the selection of the tasks 
ultimately used were entirely determined by the choices initially made by Anik de Ribaupierre, as 
director of the neuropsychological part of the Magistretti et al. Alzheimer study. 
 
Yet, the tasks originally chosen were as suitable to investigate significant issues in the field of 
cognitive aging as to investigate pathological aging. Indeed, all these tasks were designed to assess 
various aspects of cognition with all sharing the common feature of being, at various levels, 
demanding in attentional resources. All these tasks involved fluid intelligence (e.g., R. B. Cattell, 1963; 
Horn & Cattell, 1966) or mechanics of cognition (e.g., Baltes, Cornelius et al., 1980), many times 
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demonstrated as being age-sensitive (e.g., Horn & Cattell, 1967; S.-C. Li et al., 2004). More 
specifically to the present purpose, age differences in performance have been reported in all types of 
tasks included in the test battery, including tasks assessing working memory capacity (e.g., Babcock & 
Salthouse, 1990; Gick et al., 1988), dual-task coordination (see Verhaeghen et al., 2003, for a meta-
analysis), recall from short-term memory (e.g., Myerson et al., 2003; Park et al., 2002), recall and 
recognition from long-term memory (e.g., N. D. Anderson, 1999; N. D. Anderson, Craik, & Naveh-
Benjamin, 1998; Dywan & Jacoby, 1990), processing speed (e.g., Cerella, 1985; Salthouse, 1996) and 
resistance to interference (e.g., Spieler et al., 1996; see also Verhaeghen & De Meersman, 1998b, for 
a meta-analysis). Hence, provided the evidence found in the literature, it was predicted that 
differences in performance associated with normal aging should be found in all the tasks originally 
settled for the study of cognitive deficits associated with Alzheimer’s disease. Indeed, this prediction 
was further supported by the results of a first wave of analyses conducted on a subset of the battery 
tasks, those which required the coordination of two component subtasks (de Ribaupierre & Ludwig, 
2003). The results revealed reliable age differences in all but one task considered. The results, 
however, were less straightforward in regards of the existence of a general coordination mechanism 
operating across the five dual-tasks considered, as initially assumed. Moreover, they did not bring any 
support for a specific age-related decrease in the ability to conduct two concurrent tasks 
simultaneously, above and beyond the age differences already present when each task was 
performed alone. Provided that reliable age differences were demonstrated in the tasks considered 
and given the outcome of the analyzes in regards of the issues assessed, questions were raised about 
the differential requirements in cognitive/attentional resource associated with the tasks investigated 
and it was decided to analyze the complete set of data using a different approach: one that used an 
“extreme group design” (Alf & Abrahams, 1975; Feldt, 1961).  
 
Such a design permitted to assess age and individual differences in working memory capacity, by 
considering their joint and separate accounts of cognitive performance, which was not possible by 
means of the previously used correlational design. Furthermore, it allowed to distinguish qualitative 
and quantitative differences in cognitive performance as a function of age and individual differences in 
working memory capacity. Individuals considered for the analyses were younger and older adults with 
higher and lower working memory capacity. Identification of the participants retained for the analyses 
was done within each age group on the basis of a composite score of working memory, computed 
from the performance in the Reading Span and the Matrices Double Verbal. Individual differences in 
working memory were subsequently formalized by a “Span Level” classification factor with two 
modalities (High Vs Low) and age differences were formalized by a second classification factor, “Age 
Group”, again with two modalities (Younger, Older). The dependant measures consisted in scores 
collected for two dual tasks (Paper and Pencil Test and Continuous Monitoring task), four short-term 
memory task (backward and forward Digit Span and Corsi Blocks), three long-term memory tasks 
(Delayed free recall, source memory and recognition), one processing speed task (Target Detection) 
and one task assessing resistance to interference (Color Stroop Test). Before turning to the theoretical 
hypotheses, the task description and the corresponding operational hypotheses, we review some 
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methodological issues that need to be considered in regards to the high/low span approach chosen to 
analyze the data.  
 
 
IV.3.1. METHODOLOGICAL ISSUES  
The use of an extreme group design (Alf & Abrahams, 1975; Conway et al., in press; Feldt, 1961). 
requires to define groups of individuals on the basis on their performance, and as far as concerned 
here, individuals were selected according to their working memory capacity as indexed by a 
compound working memory score. As a consequence, a variable that initially held a status of 
dependant variable (i.e. the working memory score) was subsequently used to create a new variable, 
further considered in the analysis as an independent variable (i.e. “Span Level”) with two modalities 
“High” and “Low”. As recently discussed by Conway et al. (in press), there are several concerns to be 
considered in order to later interpret the differences observed on dependant variable level as 
univocally caused by an independent variable such as the “Span Level”. These are: a) the status of 
the independent variable, b) the problem of confounding variables, c) the reliability of the measure 
used to initially assess working memory capacity d) the sample-based procedure used to select high 
and low span individuals and e) the developmental stability of the construct assessed. 
 
No need to say that assigning individuals to experimental groups according to their performance on a 
given task does not correspond to procedures applied in the “pure” tradition of experimental 
psychology. Indeed, in so-called “experimental designs”, independent variables (or experimental 
factors) are theoretically defined and stand under the direct control of the experimenter. The 
experimenter assigns the participants to the various levels of the factor(s) considered according to a 
counterbalancing or randomization procedure and/or by holding other factors constant (Tabachnick & 
Fidell, 1996). As a consequence, the values of the dependant variables should depend exclusively on 
the influence of the independent variable, plus a random variation. An example of such a design is 
random assignment of participants in placebo and control groups. 
 
In some cases, however, the levels of the independent variables are not manipulated by the 
experimenter but hold “natural” characteristics, such as age or gender, that allows the experimenter to 
identify different experimental groups (Campbell & Stanley, 1966). In this case, the definition of the 
independent variable is under the experimenter’s control (classification factor: a pre-existing subject 
characteristic not open to manipulation by the experimenter, such as age or sex; factors such as these 
are usually studied by means of appropriate selection of groups of subjects, for example, equal 
numbers of male and female participants) and the design is called “quasi-experimental”. Independent 
variables defined on the basis of an initial dependant measures can be considered as an extension of 
this case. In this kind of design, however, it may be more delicate to rule out all the variable other that 
than the independent variables as explanations of the observed differences.  
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This relates to the problem of confounding variables, and the possible threats to the internal validity of 
the experiment (i.e. validity of the causal relationship between the independent variable and the 
dependant one). Indeed, confounding variables may produce undesired sources of variation that in 
turn account for the differences observed at the level of the dependant variable. To reduce these 
threats, it is necessary to ensure, as best as possible, that the two extreme groups are comparable in 
all ways, to the exception of the “span level”. Of particular concerns in the present experiments are 
age, health status, socio-economic status and possibly gender, which may underlie differences in 
“span level” within each age population. In addition, given that the “span level” was defined on the 
basis of a composite score, it may be that younger and older adults are differentially susceptible to the 
tasks used to index working memory performance. Hence, control procedures, such as assessing the 
95% confidence interval of the mean, are needed to show that the groups considered do not 
significantly differ, other than on the “span level”. 
 
One more crucial issue is the reliability of the score used to identify and select the individuals. In the 
case of the present study, using a composite score of working memory performance implies that the 
measures from which the score is derived reflect a common underlying construct. Hence, it is 
expected that the two variables used to assess working memory capacity correlate with each other, 
and that, within each age group. Furthermore, the correlation of a given amplitude should be  
comparable across groups and finally, the magnitude of the correlation should not depend of the effect 
of other confounding variables.  
 
Another point should be made in regards of the methodological issues relative to the use of extreme 
group designs. It concerns the sample-based procedure of selection. Indeed, individuals with higher 
and lower working memory capacity are identified on the basis of a sample distribution. This implies a 
random selection of the initial sample to ensure sufficient variability on the score considered. 
Furthermore, care should be taken to ensure that individuals that are assigned to either “span level” 
could not be assigned to the alternative level at another measurement occasion. To do so, extreme 
groups are usually defined by tertile or quartile split of the distribution and only the individuals at each 
ends of the distribution are considered, while those located near the median are discarded. Although 
such a procedure makes the use of extreme groups relatively costly, for one third or one half of the 
participants is rejected, it ensures that those individuals that belong to the each side of the distribution 
are not likely to be assigned to the alternative group on another measurement occasion. Oppositely 
however, and according to the statistical property known as the regression toward the mean (Bland & 
Altman, 1994), individuals located at the far ends of the distribution would be more likely to 
demonstrate scores lesser distant to the distribution’s mean when measured on another occasion. 
Although this would probably not preclude a stable attribution of individuals in either experimental 
groups, it might nonetheless account for a possible overwhelmed distance across groups. 
 
To conclude on the methodological issue, it should be mentionned that in the present experiment, we 
considered working memory capacity an intrinsic characteristic of the individual. Thus, it is important to 
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question the developmental relative stability of the individuals differences in working memory capacity. 
Although there are very few studies assessing the stability of inter-individual differences on cognitive 
variables across adulthood, findings from longitudinal studies revealed that performance in younger or 
mid adulthood predicts performance at in late adulthood (Schaie, 1984). Provided this, and leaving 
aside the fact that there are no direct evidence in regards of working memory performance, one might 
eventually expect that younger individuals with larger capacity maintain their difference with individuals 
with poorer resources as all become older. This constitutes a rather important assumption, for it allows 
to conceive working memory capacity as an inter-individual attribute that is relatively age-invariant, in 
terms of relative differences across individuals. Yet, it does not mean that the absolute level of 
performance remains stable with advancing age. Neither does it mean that the absolute differences 
between individuals remain stable. However, operationally, it allows to characterize both younger and 
older individuals with a single capacity factor, for working memory capacity represents the same 
feature for either age groups, even when cross-sectional designs are applied. 
 
 
IV.4. GENERAL HYPOTHESES 
From a rather broad perspective, cognitive performance is determined by three main factors: the task 
requirements, the amount of cognitive resources available to the individuals and the way the 
individuals manage this available pool of resources. Task requirements may be considered as the 
effective task demand provided that the requirements are theoretically defined by the number and the 
nature of processes that need to be engaged to complete the task. Resource management, to the 
opposite, may be defined as the processing capacity, provided that the resource management relies 
on individual strategies or ”preferences” that are applied by the participants to complete the task. De 
facto, processing capacity is the functional translation of the amount of resources available to the 
individual. However, it might well be that although disposing from a large pool of resources, some 
individuals do not use them optimally and “subfunction”. To the reverse, the available amount of 
resources will define the functional potential that constrains the adequacy between the effective task 
demands and the processing capacity. The amount of resources available to the individual places a 
ceiling to cognitive processing. It does not, however, imply that individuals use the resources 
efficiently; processing capacity may be lower than the amount of available resources, but the reverse 
is no true (on this implication hypothesis, see for example Case, 1987; Chapman, 1987; Chapman, 
1990; de Ribaupierre, 1997; de Ribaupierre & Pascual-Leone, 1979). Operationally, what is measured 
is processing capacity, which may not correspond to the true amount of resources available to the 




                                                 
32 Note that the distinction, between available resources and processing capacity, is faily similar to that introduced to distinguish 
competences and performance (Flavell & Wohlwill, 1969). 
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 resources. The score measured by means of the working memory task represents the 
functional use of executive attention, thus, processing capacity. Finally, the task demand is 
conceived as the amount of executive attention required by the task to complete the 
appropriate operations. 
 
At this very general level of description, hypotheses can be drawn about the effect of task demand and 
about the effect of the available pool of resources upon performance. As concerns the latter, a 
distinction will be made between individual and age differences. The theoretical hypotheses regarding 
each of these effects, i.e. task demand, age differences and individual differences in executive 
attention, will be exposed in the next section. Subsequently, and provided that the effect of task 
demand interacts with the pool of available resource in determining cognitive performance, the 
theoretical hypotheses regarding these interactions will be described. Note that the level of description 
will stay relatively global and the task demand will remain ill-defined. At this point, it shall be 
considered as an nonspecific set of processes or strategies required to complete cognitive tasks (or 
involved in experimental conditions). Further down, at more specific level of description (i.e. at the task 
level), more detailed definitions of task demand will be necessary.  
 
 
IV.4.1. MAIN EFFECTS 
Although the simple effects of task demand, of age differences and of individual differences in working 
memory capacity on cognitive performance do not constitute central features of the present 
experiment, they will nevertheless briefly be described for they are generally implicitly expected. 
Operationally, these effects will be defined by three distinct factors, namely the Task Demand with two 
or more modalities, the Age group with two modalities (Younger and Older) and Span level (High and 
Low). The Task Demand factor will also be referred to as a Condition factor, for it will really 
characterize different experimental conditions within a task, rather than actually different tasks. The 
Condition factor reflects within subject repeated measures, whereas Age and Span will be conceived 
as between-subjects factors. 
 
The hypotheses formulated in regards on the main effects of Task Demand, Age and Span level are 
illustrated by a graphical outline, given in Figure 16, of a broad theoretical proposal representing the 
relation between cognitive performance and Task Demand (both given in arbitrary units), as a function 
of Age and Span level. This proposition is not meant to reflect true effects, but rather, to provide a raw 
general framework based on which hypotheses can be elaborated. In this representation, Task 
Demand may be conceived both as an effective task demand (i.e. from the task point of view) or as 
processing capacity (i.e. from the subject’s point of view). Again, the data points remain quite arbitrary, 
for they do not represent the outcome of empirical findings. Yet, Figure 16 provides the means to 
exemplify the three hypotheses formulated in regards of the main effects of Task Demand, Age and 
Span Level on performance. 
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Note. Y-HS : Younger High Span ; Y-LS : Younger Low Span ; O-HS : Older High Span ;  O-LS : Older Low Span ; 
Performance is given in arbitrary units ranging from 1 to 0. 
Figure 16. Theoretical curves of performance as a function of task demand, age group 
and working memory capacity 
 
 
The first hypothesis states that for all individuals, the level of cognitive performance varies as a 
function of the task (or condition) demand: the higher the task demand, the lower the 
performance. This hypothesis relies on the fact that cognitive resources are limited and that they 
constraint processing (Baddeley, 1986; Engle, 2002; Navon, 1984; Salthouse, 1991c). Hence, when 
the number of processes and cognitive operations required to complete the task (or solve a given 
item) increases, the available amount of resources needs to be shared and resource allocation 
undergoes processing priorities. As a consequence, the processing time is lengthened and/or the 
number of elements that can be actively maintained is reduced (Kahneman, 1973). Thus, the 
behavioral markers of these additional processes are either poorer recall, lower accuracy and/or 
lengthened response latencies. Note also that in the most restricted sense, the rationale underlying 
such a perspective is equivalent to the pure insertion proposal made by Donders (1969/1868) in which 
every processing stage requires additional time to complete. As illustrated in Figure 16, when task 
demand is extremely low, the performance is at ceiling because cognitive resources are abundant 
enough to complete the task. When the demand further increases, performance decreases to 
ultimately reach a ground performance when demand is extremely high and processing capacity is 
largely exceeded. This continuous increase in task demand may also be linked to the continuum 
proposed to characterized the destinction between automatic and effortful processing (Hasher & 
Zacks, 1979; Shiffrin & Schneider, 1977). Rather trivially, tasks that are not demanding rely on 
automatic processing, while tasks that are more demanding call for effortful, attentional processing. 
Operationally, the difference in cognitive performance that is associated with the increase in task 
demand, and that, irrespective of Age and Span level, would be statistically reflected by a significant 
main effect of Demand (or Condition) on the variable considered. 
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The second hypothesis states that in tasks requiring at least some degree of attentional control, 
individuals with lesser resources available should demonstrate overall lower performances 
than individuals with larger pools of resources. In other words, individuals with lower executive 
attention should be more hampered than individuals with higher one, in tasks that draw upon these 
resources. This hypothesis relies on the fact that when processing capacity is smaller, processing is 
more constrained than when capacity is larger (Craik & Byrd, 1982; Engle, 2001, 2002; Salthouse, 
1991b). Empirical support for this hypothesis has been reported in the literature, showing that in 
younger adults populations, individual differences in working memory capacity account for individual 
differences in cognitive abilities such as memory (e.g., Cantor & Engle, 1993; Rosen & Engle, 1997, 
1998), selective attention (e.g., Conway et al., 2001; Conway et al., 1999; Kane et al., 2001; Kane & 
Engle, 2003), or reading comprehension (e.g., Daneman & Carpenter, 1983; Just & Carpenter, 1992; 
Kaakinen et al., 2002; Kaakinen et al., 2003; MacDonald et al., 1992; Whitney et al., 1991). Provided 
that working memory capacity is an intrinsic stable individual characteristic (Schaie, 1984), it is 
assumed that in the older population, the individual differences in working memory capacity are 
analogous (in a relative sense) to those reported in a younger population. Thus, irrespective of Age, 
individuals with larger pools of resources should demonstrate higher performance than individuals with 
smaller pools of resources, at least as long as the task considered requires executive attention and 
calls upon controlled processes. This group difference would statistically be transcribed by a 
significant main effect of Span on the cognitive variable considered. 
 
The third hypothesis states that in tasks requiring at least some degree of attentional control 
and/or processing speed, older adults should demonstrate lower performances than younger 
adults. Indeed, many studies have reported that advancing age was associated with a rather clear 
pattern of decrease in performance in tasks engaging “Fluid Intelligence” (Horn & Cattell, 1966, 1967) 
or the “Mechanics of Cognition” (Baltes & Baltes, 1990), while leaving quite unaffected, at least until 
the very old age, the performance in tasks calling upon “Crystallized Intelligence” or “Pragmatics of 
Cognition”. This relatively clear cut pattern separates tasks calling upon past experience on the one 
hand, and, on the other hand, tasks that require, to various extent, the mobilization and allocation of 
executive attention to the task-related ongoing processes. Thus, whereas performance in vocabulary 
remains relatively stable until late in life (e.g., Park et al., 2002), performance in tasks assessing 
working memory capacity (e.g., Salthouse, 1990), processing speed (e.g., Salthouse, 1993) 
inhibition/resistance to interference (e.g., Hasher & Zacks, 1988), recall from short-term (e.g., Park et 
al., 2002) and from long-term memory (e.g., Hertzog, Dixon, Hultsch, & MacDonald, 2003) shows 
continuous decrease with advancing age. Thus, reduced processing capacity as well as reduced 
processing speed should be associated with higher processing constraints, and consecutively, with 
lower cognitive performance. These age-related differences would statistically be transcribed by a 
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IV.4.2. SPAN × DEMAND INTERACTIONS 
Given that individual differences in working memory capacity account for a wide variety of cognitive 
tasks and that high and low span individuals demonstrate different patterns of performance with 
respect to the task demand, a fairly broad hypothesis states that the difference in performance 
between High and Low Span individuals varies as a function of task demand. This hypothesis should 
be statistically reflected by significant Span × Demand interaction. Yet, as earlier as pointed out in 
section IV.1. of the present chapter, two alternative of this interaction need to be considered, at least 
at the present level of description.  
 
The first alternative, and probably the most intuitive one, predicts that an increase in task demand 
produces a larger decrease in performance for Low Span relative to High Span individuals. Thus, this 
pattern describes an interaction in disfavor of the Low Span individuals. Indeed, as the demand 
increase, the requirements to efficiently allocate and distribute the resources among ongoing 
processes are enhanced. Poorer capacity is thus associated either with a lesser number of processes 
that can be conducted simultaneously and/or a lesser efficiency of the computation for which the 
processes operate. Furthermore, although less frequently reported, poorer capacity might be 
associated, as the demand increases, with the use of inappropriate strategies that engage more 
resources than effectively needed (e.g., Conway et al., 1999; Kane & Engle, 2003). Either ways, 
increasing task demand is expected to cause a larger drop in performance for Low Span individuals 
than for High Spans.  
There are two slightly different types of interactions in disfavor of the Low Spans that can be expected. 
In the most straightforward situation, increasing the task demand might exceed only the capacity of 
the Low Span individuals, which would result in a pattern of behavior such as the one displayed as 
Alternative A in Figure 17 (left panel, middle row). Low Span individuals are hampered by the increase 
in task demand, which exceeds the amount of available resources, while High Span individuals remain 
quite unaffected, for they still have sufficient resources to apply to the ongoing task. This should be 
statistically reflected by significant Demand effect ONLY for the Low Spans individuals and a 
significant difference between High and Low Spans only in the HIGHER demanding condition. 
The second possibility (depicted as Alternative B in Figure 17) asserts that increasing the task 
demand affects both High and Low Span individuals, but hampers to a larger extent individuals with 
poorer resource capacity. In this case, the increase in task demand largely exceeds Low Spans’ 
resource availability and causes the performance to drastically drop. By contrast, the High Span 
individuals may still have sufficient residual resources to ultimately conduct adequately at least part of 
the processing. In this particular case, a significant Demand effect for BOTH the High and Low Span 
individuals is expected. Additionally, depending on the task of concern, the lesser demanding 
condition might already be demanding enough to cause the Low Spans to demonstrate lower 
performance than the High Spans; thus, in this particular case a significant difference between High 





































































































Figure 17. Hypothetical alternative results of the Span*Demand interactions in disfavor of the Low 
Spans (Alternatives A and B) and in disfavor of the High Span (Alternatives C and D) 
 
The second alternative, which might appear somewhat counterintuitive, predicts that the increase in 
task demand affects more the performance of the High Span individuals relative to the Low Span 
ones. Although High Spans exhibit an overall better performance across conditions, this pattern of 
performance describes an interaction in disfavor of the High Span individuals. Such a pattern of 
behavior was reported in tasks in which High Spans had to change their processing strategies as a 
result of the increase in task demand (e.g., Conway et al., 1999; Rosen & Engle, 1997). High Spans 
initially allocate their resources to the use of fairly consuming strategies in lesser demanding task. In 
the higher demanding task, these straegies become either inefficient or unaffordable. Consequently, 
performance is drastically affected in the higher demanding condition. To the contrary, Low Spans 
who do not engage consuming strategies in the lesser demanding task, also do not demonstrate a 
drastic drop in performance in the higher demanding task. As reported as Alternative C in Figure 17, 
this pattern of behavior, should be statistically reflected by a significant Demand effect for BOTH the 
High and Low Span individuals and a significant difference between High and Low Spans PRIMARILY 
in the LESSER demanding condition. 
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A second, although less attractive, account for an interaction in disfavor of the High Span is the 
presence of floor effects in the performance of the Low Span individuals (as represented by 
Alternative D in Figure 17). This might occur if the task considered as the lesser demanding one 
requires already such a large amount of resources that only High Span individuals can afford to 
process information. To the contrary, Low Spans’ processing capacity is overwhelmed causing the 
performance to reach the ground. Hence, as the demand increases, only the High Spans’ 
performance might be affected. This alternative should statistically be reflected by a significant 
Demand effect ONLY for the High Span individuals and a significant difference between High and Low 
Spans ONLY in the LESSER demanding condition. 
 
Before turning to the description of the hypotheses formulated in regards of the joint effects of age and 
task demand on cognitive performance, two concluding comments should be made about the 
hypotheses formulated about the Span × Demand interactions.  First, it is often difficult to determine 
whether a significant Span × Demand interaction is accounted for by quantitative or by qualitative 
differences in processing. Yet, at this general level of description, it will be assumed that the 
interaction in disfavor of the Low Spans mainly reflects quantitative differences, whereas the 
interaction in disfavor of the High Spans mainly reflects qualitative differences. It remains however, 
that at a more precise level of description, the nature of the differences will need to be reconsidered in 
the light of each of the tasks used in the experiment. Second, the hypotheses described above were 
drawn based on findings reported exclusively for younger adults. Whether or not similar predictions 
might be considered for older adults remains unlcear.  
 
IV.4.3. AGE × DEMAND INTERACTIONS 
As largely discussed, cognitive aging is characterized by a multidimensional and multidirectional 
pattern of cognitive development. Indeed, while performances in crystallized abilities remain 
unaffected, at least until late in life, performances in fluid abilities demonstrate fairly early age-related 
declines. This rather clear pattern of performance has attributed to an age-related decline in general 
processing resources or cognitive primitives such as working memory capacity, inhibitory control or 
resistance to interference, coordination, task switching or focus-switching, with all sharing the common 
feature of engaging controlled attention (Verhaeghen et al., in press). Furthermore, although the age-
related decline in these cognitive primitives has been partially accounted for by an age-related decline 
in processing speed (Salthouse, 1991c, 1996), it nevertheless appeared that the age-related decline in 
fluid cognition, at least to certain extent, is independent of the age-related decline in processing rate. 
Indeed, the age-related decline in tasks assessing domains as various as recall from long term 
memory (e.g., Verhaeghen, Marcoen, & Goossens, 1993a, 1993b), dual-task coordination (e.g., 
Verhaeghen et al., 2003), resistance to interference (e.g., Verhaeghen & De Meersman, 1998a; 
Verhaeghen & De Meersman, 1998b) are better explained by models embedding two mediators, 
processing speed and working memory capacity (or executive attention). Thus, from a rather general 
perspective, when comparing younger and older adults on tasks holding different levels of cognitive 
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demand, it is expected that older adults should be more hampered than the younger by the increase in 
task demand because they undergo a specific age-related reduction in controlled processing, and that, 
over and beyond the age-related decrease in processing rate. This general pattern of behavior should 
be statistically reflected by a significant Age × Demand interaction indicating that the difference in 
performance between younger and older adults increases as the task demand increases.  
 
Yet, as claimed by Verhaeghen and colleagues, (e.g., Verhaeghen & Cerella, 2002; Verhaeghen & 
Salthouse, 1997), caution should be taken in interpreting such an interaction as reflecting a specific 
age-related decrease in cognitive primitives, or general resources, rather than an age-related 
decrease in processing rate. Indeed, the increase in task demand is often, although implicitly, 
conceived as an increase in the number of processes or processing stages required to complete the 
tasks. Hence, and as assumed by the pure insertion proposal, the cognitive cost associated with the 
increase in task demand may be expressed as the difference between the score measured in the 
more demanding condition and the score measured in the lesser demanding condition. However, as 
assumed by the general slowing hypothesis, older adults require more time to complete each process 
or processing stage than younger adults. Indeed, it has been demonstrated that whatever the time it 
takes for younger adults to execute and complete a given central process, older adults will need 1.5 to 
2 times longer (Cerella, 1985; Cerella et al., 1980). Hence, the age-related difference in the cost 
associated with the increase in task demand is better expressed by a near multiplicative function than 
by an additive function (e.g., Cerella, 1985; Verhaeghen et al., 2003). Given that the analysis of 
variance tests for absolute consistency between conditions and groups, a significant Age × Demand 
interaction might be accounted for solely by age differences in processing rates, instead of age-related 
differences in attentional control or any other cognitive primitives. Thus, additional care should be 
taken to ascertain that the Age × Demand interaction ultimately reflects age-related differences in the 
construct of interest. Several methods have been proposed among which: a) computing cognitive cost 
indices or residuals, that allow to control for performance in lesser demanding conditions (e.g., de 
Ribaupierre & Ludwig, 2003), b) transforming the data, that allow to exonerate the multiplicative factor 
(e.g., Faust, Balota, Spieler, & Ferraro, 1999), c) deriving complete time-accuracy functions for each 
group and condition taken into account in the experiment (e.g., Kliegl et al., 1994; Verhaeghen, 2000) 
or d) using graphical meta-analyses by means of Brinley plots and state trace representations of 
multiple sets of data (e.g., Verhaeghen & Cerella, 2002; Verhaeghen et al., in press). In the present 
experiment, cost scores were used, and in somes cases, log-transformed procedure which exonerates 
the multiplicative effect. Cost scores were computed as relative ratios, that is as the difference 
between the performance in higher and the lesser demanding conditions, divided by the performance 
in the lesser demanding condition (de Ribaupierre & Ludwig, 2003). Hence, predictions are that if 
older adults actually undergo an age-related reduction in attentional control, they should demonstrate 
higher cost scores than younger adults. Statistically, this pattern of behavior should be reflected by a 
significant Age effect on the cognitive cost scores. 
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From the predictions that have been formulated so far, it is interesting to highlight the fact that, to a 
relatively large extend, the predictions made in the field of cognitive aging about the effect of age on 
cognitive performance in resource demanding tasks mirror those formulated in the field of differential 
psychology about the effect of individual differences on the same aforementioned tasks. The parallel 
between the two lines of arguments is even more prominent when individual differences are studied by 
means of extreme group designs, that consider on purpose two populations that distinguish one 
another on their resource capacity. Although individual differences in working memory capacity in 
younger adults may be attributed to individual differences in the speed of processing, the effect of 
slowing is far less obvious than in cognitive aging.  
 
 
IV.4.4. AGE × SPAN × DEMAND INTERACTIONS 
The final issue to be discussed is the Age × Span × Demand interaction. With this respect, the central 
question is whether age and individual differences are cumulative or multiplicative. Cumulative effects 
would produce an overall age-related decrease in performance of equivalent amplitude for both high 
and low span older individuals, with comparable effects of the task demand in both the younger and 
the older age group. This should be statistically reflected by a NON significant Age × Span × Demand 
interaction, along with a significant main effect of Span and a Significant main effect of Age. 
Multiplicative effects, to the contrary, would be revealed by an age-related decrease in performance 
that is larger for Low Spans the for High Spans older adults. Not only Low Span older adults would be 
impaired by an age-related reduction in capacity, but furthermore, by their intrinsic smaller pool of 
available resources. The multiplicative effects of age and individual differences should be statistically 
reflected by a significant Age × Span × Demand interaction, along with a significant main effect of 

























The present experiment was conducted to investigate both age and individual differences in working 
memory capacity and how they account for performance in tasks requiring coordination, recall from 
short and long-term memory and resistance to interference. The present chapter details the method 
applied and the hypotheses that were drawn specifically for each task investigated. The results will be 
reported in  Chapter VI. 
 
V.1. METHOD 
V.1.1. PARTICIPANTS  
A total of 91 younger adults and 107 older adults participated to the study. Younger adults were all 
undergraduate students in psychology from the University of Geneva and participated to the 
experiment to fulfill part of a course credit. Older adults were recruited from the community; a large 
majority came from the University for the elderly of the University of Geneva. They received a small 
amount of money to cover for transportation costs. All participants were informed of the research 
content and gave their written consent for participation. From this original sample, 2 younger adults 
were excluded because age (aged over 35), 6 were excluded for language (not fluent in French) and 2 
individuals from this sample abandoned. Among the 107 older adults, 10 individuals did not finish the 
examination. Finally, some participants (6 younger and 4 older adults) were subsequently excluded 
because of missing data (due to recording or hardware failures) in the tasks that were used to 
measure working memory capacity, namely the Reading Span task and the Matrices Double Verbal 
tasks. The remaining sample consisted in 75 younger and 93 older adults. Descriptive statistics for the 
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demographic variables are provided in Table 1. The corresponding histograms of frequencies are 
reported in Appendix A1, section A1.1.1., Figure A.1.  
 
 
Table 1. Demographic variables in the initial population: Descriptive statistics by age group 
  95% C.I. 
  
N MD M 
Lower Upper 
sd min max skew kurt 
 Age 75 22.00 23.23 22.48 23.98 3.26 19 35 1.732 3.058 
 Years of education 75 15.00 15.31 14.95 15.66 1.55 12 21 0.764 1.802 
 Mill Hill – Part B 75 36.00 33.16 31.60 34.72 6.78 10 46 -0.856 0.747 
 Health index 63 1.75 1.80 1.71 1.88 0.34 1.25 3 0.809 1.472 
 Visual acuity 75 6.00 6.00 0.00 0.00 0.00 6 6 - - 
 Age 93 71.00 71.97 70.38 73.56 7.71 56 95 0.623 0.494 
 Years of education 93 13.00 13.67 12.93 14.40 3.57 6 22 0.095 -0.421 
 Mill Hill – Part B 90 40.00 38.33 31.60 34.72 4.84 18 44 -1.836 3.950 
 Health index 92 2.00 2.13 1.99 2.26 0.63 1.25 4.5 1.404 2.469 
 Visual acuity 89 6.00 5.73 5.63 5.83 0.49 4 6 -1.618 1.768 
Note. MD = median; M = meanskew = Skewness; kurt = Kurtosis. Note. Health index = Mean score on a health self rating scale with 4 




The entries in Table 1 show that both the younger and the older adults were well educated individuals, 
with a slight difference in the number of years of education in favor of the younger. In both groups, the 
average score on the vocabulary scale was high, even close to ceiling in the older group. Regarding 
health and physical conditions, the scores observed in both groups reflect a reasonably good health in 
both groups, even though the older rated their heath status slightly lower than did the younger adults. 
Visual acuity was also good in both groups; performance was at ceiling in the younger group and 
showed only little variance in the older group. Independent samples t-tests33,34 revealed that group 
differences were significant on all demographic variables with t(129.329) = -55.28, p<.001 for age,  
t(131.55) = 3.988, p<.001 for the number of years of education, t(145.91) = -4.182, p<.001 for the 
global health status35, and t(130.59) = -5.536, p<.001 for the vocabulary performance. Only the latter 
was in favor of the older group. 
 
                                                 
33 Because the distributions were significantly different from the normal, non parametric Mann-Whiney statistical tests were 
initially conducted on these data. The results were comparable as those obtained with parametric t-tests  Thus, only t-test 
results are reported. 
34 t-statistics reported here are for equal variance not assumed. Indeed, Levene’s tests for equality of variance revealed that the 
variance in both group was significantly different for all demographic variables: Age F(1,166) = 33.634, p<.001, Education 
F(1,166) = 45.792, p<.001, Vocabulary F(1,163) = 17.150, p<.001, and Health, F(1,153) = 13.218, p<.001. Significance levels 
are reported two-tailed. 
35 Comparable results were obtained when each question was assessed separately, with t(150.89)=-2.097, p=.038, for Question 
1 about the judgment of acutal global health, t(151.80)=-2.656, p=.009, for Question 2 about personal actual satisfaction with 
health, t(151.41)=-2.902, p=.004, for Question 3 about changes on health status in the 10 past years and t(110.19)=-4.771, 
p<.001 for Question 4 about the limitations caused by health status. t-test results are reported for equal variance not assumed, 
two-tailed. 
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V.1.2. GENERAL PROCEDURE 
All participants were individually examined and underwent a large battery of cognitive tasks assessing 
short-term, long-term and working memory, processing speed, and resistance to interference, as 
initially defined for the Magistretti et al. study (Magistretti et al., 1996-2001). The tasks were 
administered in a fixed order across participants, over two 90-minutes sessions in the younger group 
and three 90-minutes sessions in the older group, with approximately one-week interval between 
sessions (see Table 2 for a detailed description of the testing sessions).  
 
The tasks used to assess working memory were a French adaptation of the Daneman and Carpenter’s 
(1980; de Ribaupierre et al., 1997) Reading Span task and a modified version of the Loisy and Roulin 
(1992, de Ribaupierre et al., 1997) Matrices task. These two tasks held a special status in the present 
experiment as they were used to identify High and Low working memory performers. The remaining 
tasks were used to assess performance in a wide range of higher-order cognitive abilities, including 
dual-task coordination, recall from short-term and long-term memory, processing speed and resistance 
to interference. Dual-task coordination was assessed by means of the Paper and Pencil test 
(Baddeley, Della Salla, Gray et al., 1997) and the Continuous Monitoring task (Frensch et al., 1999). 
Short-term memory was evaluated with forward and backward verbal and spatial spans 
(Bindschaedler, 1985). Long-term memory was assessed with the delayed free recall, the source 
recall and the recognition items of the Computerunterstützter Gedächtnis-Funktions-Test, a 
computerized test providing a large variety of memory performance scores (Perrig et al., 1994). 
Processing speed was designed to be assessed with the Target Detection task of the GFT (Perrig et 
al., 1994), although other measures acquired in the experiment (e.g. simple adjustment rate in the 
CMT and reading times in the Color Stroop) could be additionally considered for this purpose. Finally, 
resistance to interference was assessed with a computerized version of the Color Stroop task (Spieler 
et al., 1996)36.  
 
In addition to the aforementioned task, all participants received a Health self-rating questionnaire and 
the French adaptation of the Mill Hill Vocabulary Scale (Deltour, 1993). Note also that older adults 
were given the Logical Memory items of the Revised Wechsler Memory Scale (Wechsler, 1987) and a 
Proactive Interference task (de Ribaupierre et al., 1997). Because only the older group underwent 
these two tasks, the corresponding measures will not be included in the analyses and the tasks will 





                                                 
36 It is noteworthy to mention that initially, the Color Stroop task has been only administered to the older adults. Thus, part of the 
younger sample has missing data on this task. 
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Table 2. Tasks, order of administration and repartition across sessions for each age group 
Younger adults Older adults 
1st session  1st session 
Health self-rating scale  Health self-rating scale 
G.F.T.  G.F.T. 
 Visual acuity   Visual acuity 
 Encoding   Encoding 
 Object identification    Object identification  
 Target detection    Target detection  
 Dual task    Dual task  
 Free delayed  recall 1 (all elements)   Free delayed  recall 1 (all elements) 
 Free delayed  recall 2 (errors)   Free delayed  recall 2 (errors) 
 Memory self-rating   Memory self-rating 
 Recognition   Recognition 
  Logical memory Part I (free recall) 
Digit span  Digit span 
 Forward   Forward 
 Backward   Backward 
Paper and pencil test  Paper and pencil test 
 Recall of digit sequences    Recall of digit sequences  
 Box crossing    Box crossing  
 Dual task (recall and crossing)   Dual task (recall and crossing) 
Color Stroop  Color Stroop 
  Logical memory Part II (delayed recall) 
Corsi blocks  Corsi blocks 
 Forward   Forward 
 Backward   Backward 
   
2nd session  2nd session 
Reading Span  Reading Span 
 Semantic judment task   Semantic judment task 
 Reading Span task   Reading Span task 
Matrices   Matrices  
 Matrices Single Words    Matrices Single Words  
 Matrices Single Positions   Matrices Single Positions 
 Matrices Double Verbal    Matrices Double Verbal  
Mill Hill (A and B)  Mill Hill (A and B) 
  Proactive interference 
   
  3rd session 
C.M.T.  C.M.T. 
 Size adjustment (Single 1)   Size adjustment (Single 1) 
 Color adjustment (Single 2)   Color adjustment (Single 2) 





V.1.3. WORKING MEMORY TASKS 
Working memory capacity was assessed by two task, Reading Span (Daneman & Carpenter, 1980 ; 
de Ribaupierre et al., 1997) and Matrices Double Verbal (de Ribaupierre et al., 1997; Lecerf, 1998), 
both developed by Anik de Ribaupierre and colleagues (e.g., de Ribaupierre & Ludwig, 2003). In the 
Reading Span, participants were required to simultaneously process the semantic content of visually 
presented sentences while temporarily storing a series of words. In the Matrices task, participants 
were required to coordinate the temporary maintenance of verbal and visuo-spatial information. 
Although the processes engaged in the two tasks may appear quite different, they are meant to draw 
on an identical pool of task-independent attentional resources to be conducted. Furthermore, this 
general pool of resources is characterized by individual differences that in turn are believed to account 
for individual difference in various cognitive domains.  
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V.1.3.1. READING SPAN 
The seminal version of the Reading Span task was published in 1980 by Daneman and Carpenter in a 
study of individual differences in working memory and their implication in reading comprehension 
(Daneman & Carpenter, 1980). Although this task was inially meant as assessing working memory for 
reading (Daneman & Carpenter, 1980), it was further demonstrated that the Reading Span does 
indeed index a task-independent general working memory capacity over and beyond working memory 
capacity engaged specifically in langage-related processes (e.g., Turner & Engle, 1989a). Note that 
the Reading Span has become very popular in various fields in psychology and that many versions 
have been described in English, (e.g., Engle et al., 1992; Salthouse & Babcock, 1991; Tirre & Pena, 
1992; Waters & Caplan, 1996), in French (e.g., de Ribaupierre et al., 1993; de Ribaupierre & Ludwig, 
2003; Schelstraete, Desmette, & Hupet, 1995; Schelstraete & Hupet, 2002) and in other languages 
(e.g., Kaakinen et al., 2003; Osaka, Osaka, & Groner, 1993). Note also that the Reading Span has 
been applied in developmental studies on working memory capacity and variants of the task – 
especially using auditorally presented material – have been developed in order to be administered to 
children (e.g. Cowan et al., 2003; de Ribaupierre & Bailleux, 1995). 
 
In the present experiment, we used a French adaptation of the original task (de Ribaupierre et al., 
1997). As the English version, the task consists in simultaneously processing sentences while actively 
maintaining verbal material. The task proper was always preceded by a Semantic Judgment task. The 
two are described in the next section. 
 
V.1.3.1.1. DESCRIPTION  
The Semantic Judgment task and the Reading Span task are computerized tasks administered by 
means of an AST Bravo LC 4/33 personal computer on a 15-inch screen with a resolution of 800 x 600 
pixels. In both tasks, participants faced the computer screen at a distance of approximately 50cm, and 
were presented with sentences individually displayed on the screen in white characters on a black 
background. In the Semantic Judgment task, sentences were presented individually and the task 
consisted in deciding whether the semantic content of each sentence was correct or not. In the 
Reading Span task, stimuli were presented in series of individual sentences. Participants not only had 
to perform a semantic judgment for each sentence, but were also required to temporarily maintain the 
last word of each sentence and to recall them at the end of each series. The sentences used in the 
Semantic Judgment and the Reading Span tasks were all on the affirmative mode. They held from 5 to 
11 syllables and comprised 20 to 40 print characters. Sentences were built according to the same 
criteria for both tasks. These criteria consisted in the number of syllables constituting the last word of 
each sentence (half were monosyllabic and half trisyllabic), the semantic content of the sentence (half 
were correct and half incorrect) and the number of nouns comprised in each sentence (half contained 
one noun and half contained two nouns). A total of 81 sentences were defined according to these 
criteria. They were distributed across tasks and levels of difficulty (see Appendix A1, section A1.1.2.1, 
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Table A. 1 for the details). All the sentences were checked to avoid repetitions of identical nouns 
throughout the two tasks, and facilitating, distracting or misleading relations among words within each 
item. All the sentences used in the Semantic Judgment task and the Reading Span task are provided 
in Appendix A1, section A1.1.2.1, Table A. 2 (SJ) and Table A. 3 (RS)37. 
 
V.1.3.1.2. PROCEDURE 
The Semantic Judgment task was always administered before the Reading Span task. In the 
Semantic Judgment task, participants were required to decide whether the semantic content of each 
sentence was correct or not. Each sentence remained on the screen until the response was emitted. 
The response was given manually on the keyboard by pressing “YES” (D-key provided with a “YES” 
sticker) with the left hand if the sentence was semantically correct or by pressing “NO” (K-key provided 
with a “NO” sticker) with the right hand if the sentence was incorrect. The participants were instructed 
to respond as fast and accurately as possible (the complete instructions are provided in Appendix A1, 
section A1.1.2.1.1). A total of 20 sentences (i.e. items) were presented. Examples of items are 
displayed in Figure 18. There were 4 study items and 16 test items, administered in a constant order 
across participants.  
 
In the study phase, the experimenter launched the first sentence by pressing the « return » key of the 
computer keyboard. A beep indicated that the item would be displayed and the sentence immediately 
appeared on the screen. It remained until the participant responded. This sequence was repeated for 
the 4 study items. After the study phase, the participants received the instructions for the test phase. 
They consisted of a reminder of the instructions provided for the study phase. As for the study phase, 
each of the 16 sentences was launched by the experimenter and announced by a beep. Again, the 
sentences remained on the screen until the participant responded. For each item, the response time 
and the response accuracy were recorded online by the computer. The duration of the Semantic 
Judgment task was of about 5 minutes. 
 
                                                 
37 It is noteworthy to mention that the “Number of syllables” in the words to be recalled and the “Number of nouns” in the 
sentences were initially introduced as experimental factors to assess the word and sentence length effects. In the present study, 
however, none of the analyses will take into account these experimental factors. Thus, mono- and trisyllabic words on the one 
hand and sentences with one or two nouns on the other hand, will be pooled together. 
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au cirque il y a des singes




Figure 18. Example of two items of the Semantic Judgment task 
 
les oiseaux volent dans le ciel
les melons sont en fer










CIEL - FER - EAU
 
Figure 19. Example of a class-3 item of the Reading Span task 
 
The Reading Span task immediately followed the Semantic Judgment. Sentences were presented in 
series of 2 to 5 phrases. The task consisted in both judging the semantic content of each sentence 
and actively maintaining its last word to the end of the series in order to be recalled orally. Each series 
constituted an item (see Figure 19 for a example). The number of sentences within a series defined its 
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level (or class) of difficulty. Four items of each level of difficulty were presented in a pseudo-random 
sequence kept constant across participants38.  
 
The Reading Span contained a 2-item study phase and a 16-item test phase. As for the Semantic 
Judgment task, the responses for the semantic judgment were given by pressing “YES” or “NO” on the 
keyboard and participants were instructed to give their response for each sentence as fast and 
accurately as possible (see Appendix A1, section A1.1.2.1.1 for the detailed instructions). Again, the 
stimuli remained on the screen until the response was emitted. At the end of each series, the 
participants were required to recall orally the words and recall in the original order of presentation was 
explicitly required. In each of the two study items (a class-2 and a class-3), a correct semantic 
judgment launched the next sentence in the series. In case of incorrect judgment, the current 
sentence was displayed again. The same sentence could be presented up to 3 consecutive times in 
case of multiple failures. At the end of the series, a white triangle was displayed on the screen and the 
participants were instructed to recall the last words of the sentences previously seen in the series.  
 
After the study phase, the participants received the instructions for the test phase. Participants also 
were informed that the series may contain from 2 to 5 sentences. In the test phase, each item was 
launched by the experimenter using the “return” key. The rate of presentation of the sentences within 
a series was determined by the participant’s response on the semantic judgment, no matter its 
accuracy. Each sentence remained on the screen until the response was emitted and the following 
sentence was presented automatically and without delay after the key press. The response time 
latencies (corresponding to the time elapsed between the appearance of the stimulus and the 
participants keyboard response) and the response accuracy were recorded online by the computer. 
The words recalled by the participants were recorded at the end of each series by the experimenter on 
a dedicated protocol (provided in Appendix A1, section A1.1.2.1, Figure A. 2.). The duration of the 
Reading Span task was of approximately 10 minutes. 
 
V.1.3.1.3. SCORES 
The measures recorded during the tasks were, for the semantic judgment, the type of response 
(correct/incorrect) and the corresponding response latencies. Additionally, for the Reading Span task, 
the number of words correctly recalled by item was recorded by the experimenter. From these 
measures, several scores were computed.  
 
The number of correct items was defined for both the Semantic Judgment taks and the Reading Span 
task. As a reminder, in the Semantic Judgment task, every sentence presented was viewed as an 
item. Each item was considered as correct when the semantic judgment of the participant was 
congruent with the content of the sentence. Each item was scored either 0 if failed or 1 if succeeded.  
                                                 
38 The sequence of items was first randomly defined and subsequently adjusted in order to avoid the successive presentation of 
items of the same class of difficulty. 
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In the Reading Span task, an item was defined as a series of sentences for which the participants 
were required to both judge the semantic content of each sentence and temporarily maintain their last 
word to the end of the series. An item was considered as correct if both the semantic judgment for all 
sentences within a series was adequate and if all and no more of the words presented in the series 
were recalled. The accuracy of the recall was defined independently of the serial order of presentation. 
 
The median semantic judgment time was individually computed in both the Semantic Judgment and 
the Reading Span tasks. For the former, the score was computed across 16 items, while for the the 
latter the score was computed both across the task and for each level of difficulty separately. 
Regarding this variable, only the times for correct responses were considered. 
 
The mean number of words correctly recalled was computed as the total number words correctly 
recalled regardless of the order (albeit mentionned in the instructions), over the total number of items. 
Indeed, previous analyses conducted on this measure showed that there was no significant difference 
between a score taking into account the serial order of recall and a score that did not (de Ribaupierre 
et al., 1997). The advantage of the latter is that it is less stringent and thus, demonstrates more 
variance across individuals.  
 
Finally, cognitive cost indices were computed. As many other working memory tasks, the Reading 
Span can be viewed as a dual task embedding one task involving active maintenance of material and 
one other task involving sentence processing. We assumed that the first was indexed by the mean 
number of words correctly recalled and the latter was indexed by the response time to semantic 
content. In order to evaluate the cognitive cost induced by simultaneous maintenance and processing, 
scores were computed, for each of the two aforementionned variables, using the measures recorded 
during the dual situation (i.e. the Reading Span task) and those obtained in the single situations. The 
single task assessing processing was the Semantic Judgment task. As concerns maintenance, there 
was no single task conceived in the initial experimental design to fulfill this requirement. Failing this, 
we used the mean number of words correctly recalled in the Matrices Words task (described in the 
next section) to index temporary maintenance and recall of words in a “single” condition. For both 
dependant variables (number of words and judgment time), the several cognitive cost indices were 
computed as a) an absolute difference (i.e. single - dual), b) a relative difference or percent loss (i.e. 
(single-dual)/single) and c) a residual score obtained from a regression analysis using the 
performance in the single task as predictor and the performance in the dual task as independent 
variable. When dealing with times, the individual scores were computed inverting terms at the 
numerator level. Additionally, a composite score of single and dual performance was computed as the 
average, by condition, of the standardized median judgment time on the one hand, and the mean 
number of words correctly recalled, on the other. Standardization, which was done to place both 
variables in a comparable scale, was performed on each variable using the mean and standard 
deviation parameters of the total sample. The composites scores for the single and the dual conditions 
were computed as SCOMP = (-zTIME-SINGLE + zWORD-SINGLE)/2 and DCOMP = (-zTIMED-DUAL + zPOS-DUAL)/2, 
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respectively. Cost indices were also computed using the composite scores, as an absolute difference 
(i.e. SCOMP - DCOMP)  and as a relative difference  (i.e. (SCOMP - DCOMP)/ SCOMP). 
 
V.1.3.2. MATRICES 
The Matrices task was the second task used to assess working memory capacity. This task was 
adapted from the original Loisy and Roulin (1992) task. The version that was used in the present study 
was developed by de Ribaupierre and colleagues (de Ribaupierre & Ludwig, 2003) and embodied 
three sub-tasks - Matrices Words, Matrices Positions and Matrices Double Verbal - administered in a 
constant order across participants. The task of interest was indeed Matrices Double Verbal in which 
participants were required to coordinate the temporary maintenance of both words and their spatial 
location in a grid. Matrices Single Words and Matrices Positions served as control tasks, for they 
required one to maintain either words or positions temporarily. Matrices Double Verbal was initially 
conceived within the framework of Baddeley’s model of working memory (e.g., Baddeley, 1986) and 
meant to call upon task-independent resources from the central executive to coordinate the functions 
of the phonological loop (engaged in temporary maintenance of words) and the visuo-spatial sketch 
pad (engaged in the storage of spatial locations). To the contrary, Matrices Single Words and Matrices 
Positions were meant to rely only on the slave systems, with no need to engage additional functions of 
the central executive. Hence, Matrices Double Verbal could also be conceived as a dual-task, 
whereas Matrice Single Words and Matrices Positions could be viewed as single tasks. 
 
V.1.3.2.1. DESCRIPTION 
The three Matrices tasks were computerized and administered by means of an AST Bravo LC 4/33 
personal computer provided with a 15-inch touch screen with a resolution of 800 x 600 pixels. 
Participants faced the computer screen at a distance of about 50cm.  
 
In the first task administered, Matrices Words, participants were visually presented with series of 
mono- and bisyllabic words displayed on the computer screen in white characters on a black 
background. Words appeared simultaneously and were arranged in one column placed on the center 
of the screen. One second of presentation was allocated to each word, defining the total time of 
presentation of an item (e.g. an item with 4 words remains on the screen for 4sec). The task consisted 
in encoding the words, independently of their position in the column, and recalling them immediately 
after presentation. The response time was not restricted. Fifty-three items were built for this task, 
including 3 study items and 50 test items. Five levels of difficulty were defined ranging from level-3 to 
level-7. The number of words presented within each item characterized its level of difficulty. Thus, a 4-
words item was considered as belonging to the fourth level of difficulty (also considered as a class-4 
trial). An exemple of an item is presented in Figure 20 and the complete set of items is provided in 
Appendix A1, section A1.1.2.2, from Figure A.3 to Figure A.8. The words used to construct the items 
were French nouns with a surface frequency higher than 1000 in the Brulex database (Content, 
Mousty, & Radeau, 1990). Items with an even number of words contained half monosyllabic words 
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and half bisyllabic words. In items with an odd number of words, every other item contained one more 
of each word length. The distribution of the two types of words was therefore balanced within each 













Figure 20. Example of a class-4 item of the Matrices Single Words (left), Matrices Single Positions 
(middle) and Matrices Double Verbal (right) 
 
In the second task, Matrices Positions, participants were required to temporarily maintain and recall 
locations visually presented in a 5 × 5 white grid displayed on a black background. Locations were 
defined by cells simultaneously colored in red. The number of red cells simultaneously displayed 
defined the level of difficulty of the items and there were 5 levels of difficulty, ranging from level-2 to 
level-6. One second of presentation was allocated to each red cell and thus the total number of red 
cells defined the time of presentation of the stimulus (e.g. 4 red cells remained 4sec on the screen). All 
the colored cells appeared simultaneously on the screen and immediately after presentation, an empty 
grid was displayed. This empty grid was the response screen in which participants were instructed to 
indicate the cells previously colored in red. There was no time constraint for providing the response. 
Younger adults responded using the mouse device whereas the older adults pointed to the 
corresponding location on the touch screen.39 An “end” button was displayed on the bottom right side 
of the screen and the participants needed to click (point) on the button when recall was completed.  
A total of 53 items were constructed for the Matrices Position task, including 3 study items and 50 test 
items. An example of class-4 item is displayed in Figure 20 and the total set of items is provided in 
Appendix A1, section A1.1.2.2, from Figure A.9 to Figure A.14. All the 25 cells were colored in red and 
appeared approximately the same number of times across the entire task as well as within each level 
of difficulty (see Appendix A1, Table A.5. for the detailed distribution of colored cells in the grid). Each 
item was checked to ensure that two contiguous cells were never simultaneously colored in the same 
trial and to avoid coloring cells which, as an ensemble, would suggest a pattern (such a square, for 
example). 
 
                                                 
39 This difference in the response mode was introduced to avoid the possible interference related to the use of a mouse by the 
older adults some of whom did not have the experience of such a device. 
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The third sub-task administered was the Matrices Double Verbal task. In this task, participants were 
presented with the same 5 × 5 white grid on a black background. Several of the grid cells contained 
single mono or bisyllabic words. The words were presented simultaneously and the number of cells 
containing a word within a trial defined its level of difficulty. There were 5 possible levels of difficulty, 
ranging from 2 to 6. One second of presentation was attributed to each word displayed within each 
trial. Once the presentation time was elapsed, an empty grid was displayed and served as a response 
screen. There was no delay between the test screen and the response screen. Participants were 
instructed to recall the words aloud while indicating the corresponding cell in which they were 
presented. The younger adults indicated the cells by clicking with the mouse device whereas the older 
adults pointed on the touch screen.  
A total of 53 items were constructed. There were 3 study items and 50 test items. The words used in 
building the items were mono- or bisyllabic nouns with a surface frequency higher than 1000 in the 
Brulex database (Content et al., 1990). Items with an even number of words contained half 
monosyllabic words and half bisyllabic words. For items with an odd number of words, every other 
item contained one more of each word length. Hence, the distribution of the two types of words was 
balanced across levels of difficulty and throughout the task, as shown in Table A.6 of the Appendix A1. 
The grid cells in which the words were displayed were defined so that each cell would be used an 
even number of times across levels of difficulty and throughout the task. The detailed distribution of 
cells is provided in Appendix A1, Table A.7. Each item was subsequently checked a posteriori to 
ensure that two contiguous cells would never be used in the same trial and to avoid the simultaneous 
use of cells which, as an ensemble, would suggest a spatial pattern (such a square, for example). The 
53 items created for the Matrices Double Verbal task are available in Appendix A1, section A1.1.2.2, 
Figure A.15. to Figure A.20. and an example is displayed in Figure 20.  
 
V.1.3.2.2. PROCEDURE 
The three tasks were administered in a constant order across participants. The first task was Matrices 
Words. This task comprised a 3-items study phase and a 12-items test phase. The first item of the 
study phase was always a class-3 item that served as an example. Three words were displayed in the 
column on the center of the computer screen. Participants were instructed to memorize the words and 
to recall them immediately after presentation, independently of their position in the column (the 
detailed instructions are provided in Appendix A1, section A1.1.2.2.1). The item was launched by the 
experimenter by pressing the “return” key and remained on the screen while the task instructions were 
given to the participant. Then the experimenter hit the “return” key again, which cleared the screen. 
The participant was then asked to recall the words. Once the example and the instructions provided, 
the second and third items of the study phase were administered. The order of presentation of items in 
this part of the test remained constant across participants. In case of a failure to correctly recall the 
words presented in a given trial, the item was provided again. The same item could be presented up to 
three times in case of multiple failures.  
The study phase was immediately followed by the test phase. The administration procedure was 
adaptive and embodied 12 items. Hence, when an item was succeeded, the subsequent item was of a 
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higher level of difficulty. On the contrary, when an item was failed, the following item was of a lower 
level of difficulty. The increment (decrement) of the difficulty level was always one, except in the 
situation in which an item of level of difficulty 3 was failed. In this particular case, another item of level 
3 was presented. The first item of the test phase was a class-3 item and remained constant across 
participants. Given the adaptive procedure, the remaining sequences of trials were a function of the 
participants’ responses. At the end of each trial, the experimenter recorded the participants’ response 
on a dedicated protocol (see Appendix A1, section A1.1.2.2.2, Figure A.21.). The response accuracy 
was captured either by pressing the “J” (Juste - correct) key if the trial was successful and the “F” 
(Faux - incorrect) key if the trial resulted in failure. The key press immediately launched an item of a 
higher level of difficulty in the case of a “J” press or an item of a lower level of difficulty in the case of 
an “F” press. The total duration of Matrices Words task was approximately of 10 minutes.  
 
The Matrices Positions task immediately followed Matrices Words. Like Matrices Words, Matrices 
Positions included a study phase and a test phase. The first item of the study phase served as an 
example. In this level-2 trial, two cells were colored in red in the 5 × 5 grid. Participants received 
instructions while the grid remained on the screen (see Appendix A1, section A1.1.2.2.1 for the 
detailed instructions). To clear the screen, the experimenter hit the “return” key and the response 
screen containing an empty grid was presented. Participants were instructed to replace the cells 
previously presented. The younger adults gave their response by means of the mouse device whereas 
the older adults pointed to the touch screen. Using the example grid, the experimenter ensured that 
the participants could employ the response device by asking to replace several colored cells in the 
grid. The example trial was followed by two study items administered in a constant order across 
participants (one class-2 and one class-3 items, respectively). In the study phase, a failure to correctly 
replace the cells lead to another presentation of the same item. In case of multiple failure, the same 
trial could be displayed up to three consecutive times. At the end of the study phase, the participants 
were engaged in the test phase. As for Matrices Words task, the administration procedure of the 
Matrices Positions task was adaptive and contained 12 test items and the increment (decrement) was 
always of one level of difficulty (except in case of a failure of a class 2 items; in this particular case, the 
consecutive item was from the same level of difficulty). The first item in the test trials sequence was 
from level-2 and remained constant across participants. The subsequent sequence of items depended 
on the participant’s performance. The experimenter launched each trial by a “return” key press. There 
was no time constraint for the participant to provide a response. All the responses were recorded 
online by the computer. The total duration of the Matrices Positions task was approximately 10 
minutes. 
 
The Matrices Double Verbal task was administered last. As for the two preceding Matrices tasks, it 
contained a study phase and a test phase. In the study phase, participants were presented with three 
items, two class-2 items and one class-3 item. During the study phase, a failure to recall the correct 
word/location associations lead to another presentation of the trial. The same trial could be presented 
up to three consecutive times. The study trials remained the same across participants and all received 
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the three items in a constant order. The study phase was followed by a 12-items test phase. As in 
Matrices Words and Matrices Positions, the administration procedure was adaptive and the item 
sequence was function of the participants’ responses (to the exception of the first trial which was 
constant across participants). The increment (decrement) was always of one level of difficulty, to the 
exception of the class-2 items that were followed by a trial of the same level of difficulty in case of 
failure. At the end of each trial, the participants were instructed to both recall the words out loud and to 
simultaneously indicate the cell in which the words were presented. The response accuracy in terms 
of location was recorded online by the computer, whereas the words and the word/location 
associations were recorded by the experimenter on a dedicated response protocol (provided in 
Appendix A1, section A1.1.2.2.2). Since the accuracy criteria was formulated in terms of correct 
word/location associations, this information had to be captured by the experimenter at the end of each 
trial by pressing the “J” (Juste - correct) key if the trial was succeeded and the “F” (Faux - incorrect) 
key if the trial was failed. The key press immediately launched an item of a higher level of difficulty in 
the case of a “J” press or an item of a lower level of difficulty in the case of an “F” press. The detailed 
administration procedure and the complete task instructions are provided in Appendix A1, section 
A1.1.2.2.1. The total duration of the Matrices Double Verbal task was of about 10 minutes. 
 
V.1.3.2.3. SCORES 
The main score for the Matrices task was the mean number of word/position associations correctly 
recalled in Matrices Double Verbal. This score was computed as the total number of word/position 
associations correctly recalled divided by the total number of items administered (i.e. 12).  
 
Standard scoring of the Matrices recall performance was reported as the mean number of elements 
correctly recalled (de Ribaupierre & Ludwig, 2003). This score was calculated in the present study as 
such. It was computed, by condition and by task, as the total number of elements correctly recalled 
divided by the number of items administered. Because of the range discrepancy in levels of difficulty 
between Matrices Words on the one hand and Matrices Position and Matrices Double Verbal on the 
other hand, the mean number of words correctly recalled was adjusted for Matrices Words 
performance scoring. Indeed, a score of 2 was added to the total number of words correctly recalled in 
this task, and the resulting amount was further divided by 13 (as if an extra class-2 item was “given” to 
all participants). Aside from these scores, several others were computed from the original measures 
recorded for the Matrices tasks.  
 
The proportion of elements correctly recalled was computed for both the words and the positions, in 
both single and dual condition. This computation was done to adjust for the varying levels of difficulty. 
Indeed, as mentioned earlier, Matrices Words entailed levels of difficulty ranging from level-3 to level-
7, whereas Matrices Positions and Matrices Double Verbal entailed levels of difficulty ranging from 
level-2 to level-6. Since the tasks were adaptive, one could expect from this discrepancy a higher 
score in Matrices Words relative to the Matrices Positions and/or Matrices Double Verbal, due simply 
to the structure of the task. Moreover, this would introduce a confounding effect when testing for the 
Chapter V 
Overview, method and hypotheses 
 148
Type of stimulus (Word, Position) * Condition (Single, Dual) interaction. To avoid this confounding 
effect, the total number of elements correctly recalled was reported to the maximum possible score for 
the corresponding type of stimulus and the corresponding condition (i.e. 74 for Matrices Words and 62 
for Matrices Positions and Matrices Double Verbal)40. Even though it might have been more adequate 
to use the maximum observed instead of the maximum possible, the latter was chosen because it was 
not sample-dependant and allows comparisons in further applications of the task.  
 
Accuracy was assessed using the proportion of intrusions, computed as the total number of intrusions 
divided by the total number of elements recalled. Again, this was done to adjust for the difference in 
task structures. The total number of intrusions was itself computed as the difference between the total 
number of elements recalled and the total number of elements correctly recalled. It is for sake of clarity 
that we refer to this accuracy score as intrusions (i.e. words/positions recalled but not actually 
presented) intead of simply “errors”. Indeed, this score does not provide an overall accuracy score, as 
omission (i.e. words/positions presented but not actually recalled) are, de facto, not taken into 
account.  
 
Finally, as for the Reading Span, cognitive cost indices were computed for the Matrices task to assess 
the effect of the dual situation relative to the single situtation. Matrices Words and Matrice Positions, 
represented the single situations and Matrice Double Verbal represented the dual situation. The 
indices were computed for both dependant variables, that is the proportion of words correctly recalled 
and the proportion of positions correctly recalled, as a) the absolute difference (i.e. single - dual), b) 
the relative difference or percent loss (i.e. (single-dual)/single) and c) the residual score obtained from 
a regression analysis using the performance in the single task as predictor and the performance in the 
dual task as independent variable. Additionally, a composite score of single and dual performance was 
computed as the average, by condition, of the standardized scores of the proportion of elements – 
words or positions - correctly recalled. Standardization was performed on each variable using the 
mean and standard deviation parameters of the total sample and the scores were computed as SCOMP 
= (zWORD-SINGLE + zPOS-SINGLE)/2 and DCOMP = (zWORD-DUAL + zPOS-DUAL)/2. Cost indices were also computed 
for this composite score, as an absolute difference (i.e. SCOMP - DCOMP)  and as a relative difference  
(i.e. (SCOMP - DCOMP)/ SCOMP). 
 
 
V.1.3.3. SPECIFIC HYPOTHESES FOR THE WORKING MEMORY TASKS 
Because the Reading Span and Matrices Double Verbal tasks are used to identify individuals with 
High and Low working memory capacity, the hypotheses concern the construct validity of the 
measures provided by these tasks. Given that the individuals will ultimately be identified on their 
composite performance in the two tasks (computed as the average z-score of the mean number of 
words correctly recalled in the Reading Span task and the mean number of word/position associations 
                                                 
40 In Matrices Words, the maximum possible score was 72 (i.e. 3 + 4 + 5 + 6 + 7 + 7 + 7 + 7 + 7 + 7 + 7 + 7), while in Matrices 
Positions and Matrices Double Verbal, the maximum possible score was 64 (i.e. 2 + 3 + 4 + 5 + 6 + 6 + 6 + 6 + 6 + 6 + 6 + 6). 
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correctly recalled in the Matrices Double verbal), it is crucial that the two measure index the same 
underlying construct. Moreover, whenever possible, it is necessary to verify that experimental 
manipulations introduced in the task to vary the difficulty of the items (i.e. the resource demand) are 
associated with differential performance. Accordingly, two hypotheses will be formulated in regards to 
the construct validity of the measures. These will be presented next. Note also that aside from to 
these, predictions will also be discussed in regard to the age-related effects on performance. 
 
V.1.3.3.1. CONSTRUCT VALIDITY 
The first hypothesis states that the increase in item difficulty should be associated with a decrease in 
performance. Provided that the Matrices Double Verbal task is administered according to an adaptive 
procedure, this hypothesis can not be directly assessed. It applies to the Reading Span in which 
participant received all items distributed in four different levels of difficulty. Statistically, this pattern of 
behavior should be reflected by a significant effect of the Level of difficulty on the response time, the 
proportion of words correctly recalled and on the number of items succeeded.  
 
The second hypothesis, and probably the most crucial in the light of construct validity, states that the 
Reading Span and the Matrices Double Verbal call to a large extent upon the same task-independent 
pool of attentional resources, theoretically defined by the construct of working memory capacity. 
Hence, individual differences reported in the Reading Span performance, as scored by the mean 
number of words correctly recalled, should mirror the individual differences reported in the Matrices 
Double Verbal performance, as scored by the mean number of word/position associations correctly 
recalled. Statistically, this pattern of behavior should be reflected by a large significant correlation 
between the variables indexing performance in each of the two task. In addition, the correlation needs 
to be independent of age, and should therefore remain significant when age is statistically controlled 
for.  
 
V.1.3.3.2. AGE-RELATED EFFECTS ON PERFORMANCE 
As already discussed, many findings reported in the cognitive aging literature showed that the 
difference in performance between younger and older adults does increase as the task demand in 
attentional resources increases (e.g., Babcock & Salthouse, 1990; Craik & Byrd, 1982). Hence, the 
first hypothesis states that older adults should demonstrate enhanced difficulties, in comparison to 
younger adults, when two tasks are performed concurrently, as compared to conditions in which each 
of the tasks is performed alone. In each of the two tasks, performance in expected to be lower in the 
dual condition that in the single condition. In addition, the performance decrement associated with the 
dual condition is expected to be larger for older than for younger adults. In all cases, the pattern of 
behavior should be reflected by a significant Age*Condition interaction. Note also that the hypothesis 
implies that the larger cognitive cost associated to the working memory task in comparison to single 
tasks should remain above and beyond age-differences already present in the single tasks. Hence, 
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operationally, older adults should demonstrate higher cost scores than younger adults. Statistically, 
this should be reflected by a significant main effect of Age on the cost indices.  
 
In line with the above-mentioned predictions, the second hypothesis states that in the working memory 
tasks in which the level of difficulty has been manipulated, the difference in performance between 
younger and older adults should increase as the level of difficulty increases. Whereas this prediction 
can not be assessed for the Matrices tasks, for the administration procedure was adaptive, it may be 
tested in the Reading Span. Hence, the operationalization of the hypothesis for this latter task states 
that the differences between younger and older adults in the number of items succeeded, in the 
proportion of words correctly recalled and in the semantic judgment time should increase as the level 




V.1.4. DUAL TASKS 
Two tasks were used in the present study to assess dual task performance: The Paper and Pencil test 
will be described first and the Continuous Monitoring Task, which will be described next. 
 
V.1.4.1. PAPER AND PENCIL TEST  
The Paper and Pencil test was originally developed by Baddeley (Baddeley, Della Salla, Gray et al., 
1997)  within his working memory framework (Baddeley, 1986). This test embodies 3 different tasks: a 
Digit Recall task, A Box Crossing task and a Dual Task. Theoretically, the Digit Recall engages the 
phonological loop, the Box Crossing takes on the visuo-spatial sketch pad and the Dual Task, which 
requires the coordination of the two tasks, is meant to engage an additional coordination function 
controlled by the central executive.  
 
V.1.4.1.1. DESCRIPTION  
The Paper and Pencil test comprised two experimental conditions: A single condition, in which 
participants were required either to recall digits or to cross boxes, and a dual condition in which the 
two tasks were to be performed concurrently.  
In the Digit Recall task, participants were orally presented with lists of digits, at span length41 and at a 
rate of 1 digit/second. Participants were required to recall each list of digits, in the original order, 
immediately after presentation. Thirty-five lists were built for each possible span length (i.e. 3-9). 
Sequences of digits were first randomly defined using the random number generation function of MS 
Excel (Microsoft Corporation, Seattle, USA). The random sequences were subsequently rearranged in 
order to avoid the repetition of the same sequence within each task, the repetitions of the same digit 
                                                 
41 Individual spans were previously defined using a standard forward digit span task. Span length corresponded to the highest 
length at which all three lists of the same length were correctly recalled. The complete procedure is described in section A1.1.4 
of the present chapter. 
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within a sequence (ex.: 1 5 9 3 7 9 ) and facilitating sequences (ex.: 2 3 4 5 9 1). The complete set of 
sequences built for this task is provided in Appendix A1, section A1.1.3.1.2. 
In the Box Crossing task, participants were presented with an A4-sized white sheet of paper 
containing 80 boxes of 1cm2. The boxes were linked by a line constituting a path, reproduced in as 
smaller version in Figure 21. Participants were required to draw a cross in each box, following the 




Figure 21. Reproduction of the test sheet used in the Box Crossing task 
 
Finally, in the Dual Task, participants were required to perform concurrently the digit recall and the box 
crossing. As for the Digit Recall task, lists of digits were administered at span length. The digits were 
read aloud by the experimenter at a rate of 1 digit / second. For each list, participants were instructed 
to recall the digits immediately after presentation, respecting the original sequence. The lists of digits 
used in the Dual Task were defined on the basis of the sequences built for the Digit Recall task by 
incrementing 1 to each digit (except for 9 which was replaced by 1). Thus, for example, the sequence 
« 2 7 5 9 » in the Digit Recall task became « 3 8 6 1 » in the Dual Task. Thirty-five lists were produced 
for each possible span length (3-6). For the concurrent task, participants were presented with a test 
sheet identical to the one used for the Box Crossing task and were required to cross as many boxes 
as possible while recalling the digits. 
 
V.1.4.1.2. PROCEDURE 
The three tasks were presented in a fixed order across participants. The Digit Recall task was 
administered first, followed by the Box Crossing task and the Dual Task was presented last. In the 
Digit Recall task, participants were instructed to listen to a series of digits and to recall each of them 
immediately after presentation in the original order. At the end of each sequence, the experimenter 
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wrote down each digit produced by the participants on a dedicated protocol (see Appendix A1, section 
A1.1.3., Figure A. 22 to Figure A. 28). The duration of the task was of 2 minutes. The Box Crossing 
task was administered immediately afterwards. This task comprised a study phase and a test phase. 
In the study phase, participants were presented with an A4-sized white sheet of paper containing 10 
boxes of 1cm2, linked by a line to form a path (provided in Appendix A1, section A1.1.3., Figure A. 29). 
An arrow was drawn on each line segment to indicate the direction of the path. Participants were 
instructed to draw a cross in each box following the path. In the test phase, participants were 
presented with another A4-sized sheet of paper containing 80 boxes of 1cm2. On the test sheet, the 
boxes were linked, but there was no arrow to highlight the direction of the path. The starting and 
ending boxes were pointed out by the experimenter. The participants were instructed to draw as many 
crosses as possible, following the path. The duration of the task was 2 minutes. If the participants 
reached the end of the path before the time elapsed, another test sheet was provided.  
 
The Dual Task was administered last. In this task, participants were presented concurrently with a 
sheet of paper containing boxes to be crossed (identical to the one employed in the Box Crossing 
task) and lists of digits, at span length, read aloud at a rate of 1 digit/second. Participants were 
instructed to cross as many boxes as possible following the path and to simultaneously recall orally 
the digit sequences in the original order of presentation. As for the Digit Recall task, the experimenter 
wrote down online each digit produced by the participants on a dedicated protocol (see Appendix A1, 
section A1.1.3., Figure A. 22 to Figure A. 28). The duration of the Dual Task was of 2 minutes. The 




As concerns the digit recall, the proportion of lists correctly recalled was computed to score the digit 
recall performance. This proportion was computed as the total number of lists correctly recalled 
divided by the total number of lists administered. A correct recall sequence was considered as the 
restitution of all and no more of the digits originally administered at the corresponding sequence, 
recalled in the original order of presentation. 
 
Accuracy in performance was assessed by the number of errors in digit recall. This score was 
computed, by condition and for each individual, as the difference between the total number of digits 
administered and the total number of digits correctly recalled. 
 
As concerns the box crossing, the total number of crosses by task was used to score the performance 
for each of the single and the dual task. 
 
Finally, cognitive cost scores were computed to assess the cognitive cost associated with the dual 
task performance. These scores were a) the absolute difference (i.e. single - dual) and b) the relative 
difference or percent loss (i.e. (single-dual)/single)). Although a residual score was also proposed to 
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assess the cognitive cost associated with the dual task (e.g., de Ribaupierre & Ludwig, 2003), this 
score was not computed in the present case, for it required continuous distribution of the scores, not 
available in the present case due to the extreme group design. The two cognitive cost scores were 
computed for both the proportion of lists correctly recalled and the total number of crosses drawn. 
Additionally, a composite score of single and dual performance was computed as the average, by 
condition, of the standardized scores of the proportion of lists correctly recalled, on the one hand, and 
of the number of crosses, on the other hand. Standardization was performed on each variable using 
the mean and standard deviation parameters of the total sample and the scores were computed as 
SCOMP = (zLIST-SINGLE + zCROSS-SINGLE)/2 and DCOMP = (zLIST-DUAL + zCROSS-DUAL)/2. Cost indices were also 
computed for this composite score, as an absolute difference (i.e. SCOMP - DCOMP)  and as a relative 
difference  (i.e. (SCOMP - DCOMP)/ SCOMP). 
 
 
V.1.4.2. CONTINUOUS MONITORING TASK 
The Continuous Monitoring task (CMT below) was adapted from the original task developed by 
Frensch, Lindenberger and Kray (1999) and required the adjustment of two perceptual dimensions, 
brightness and size, of a continuously changing circle presented on a computer screen. Adjustment is 
performed manually by means of dedicated levers and the two dimensions needed to be adjusted 
either alone (single conditions) or concurrently (dual conditions). This task was chosen for it requires 
attentional resources to extract rules from an unpredictable and apparently unstructured 
environnement and coordinate perceptivo-motor processes used to continuously adapt the manual 
responses to the constantly changing visual display. Hence, the Continuous Monitoring Task requires 
a coordination of lower-level processes. 
 
V.1.4.2.1. DESCRIPTION 
The CMT is a computerized task in which participants faced the computer screen on which two half 
circles, one spatially located above the other, were presented. The two half-circles were displayed in 
grey on a white background. Each half-circle continuously varied in two dimensions: size and 
brightness42. The changes in these features in the upper half-circle were controlled by the computer. 
These modifications randomly took place either in synchrony (i.e. size and brightness change at the 
same time) or in succession. The direction of change (larger/smaller or brighter/darker) was random, 
discrete and unpredictable. The changes occurring in the lower half-circle were monitored by the 
participants by means of a response device constituted of two levers (as shown in Figure 22), one 




                                                 
42 This was done to ensure that the difference between one- and two-dimensional monitoring could not be attributed to the 
amount of perceptual information received. 
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the right hand and the left lever with the left hand. Each lever graded from 0 to 10 and thus matched 
the 10 possible steps of change in each of the dimensions. The grade 5 corresponded to the median 
level of size/brightness.  
 
 
Figure 22. Response device and example of stimulus for the CMT 
 
The task consisted in a continual adjustment of either one or the two dimensions as an isomorphic 
function of the changes occurring in the upper half-circle. The number of dimensions adjusted defined 
the experimental condition: either “single” when only the size or the brightness had to be monitored, or 
“dual” when both dimensions needed to be managed at the same time. Each condition contained 10 
series of 28 changing frames. From the participant’s point of view, each series resembled a short film. 
The rate of change (i.e. speed-of-film) in the first test series was calibrated for the participant’s own 






















Figure 23. Change rate as a function of predefined speed steps 
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Within each condition, the presentation was adaptive and the speed of a given film varied according to 
the adjustment accuracy in the previous one. The accuracy function was computed as the time 
integral over the difference between the computer-controlled and the participants-controlled stimulus, 
scaled against a random baseline. Thus, the accuracy ranged from 0% (performance at chance level) 
to 100% (perfect synchrony). The threshold for increasing (decreasing) the rate of change was set to 
65% accuracy. If participants reached this threshold, the next film was faster. On the opposite, if 
participants did not reach 65% accuracy, the subsequent film was slower. The increase (decrease) of 
change rate from one film to the following in the target dimension was always of one step in the space 
of 17 predefined change rates (reported in Figure 23).  
As a total, the participants received 6 study series, followed by 10 size adjustment series, 10 color 
adjustment series, 10 size and color series with accuracy based on brightness adjustment and 10 size 
and brightness series with accuracy based on size adjustment. The order of presentation was fixed 
across participants. The detailed procedure is described in the next section 
 
V.1.4.2.2. PROCEDURE 
The CMT was administered by means of a MacIntosh 8200/160 computer on a 15-inch screen with a 
resolution of 640 x 480 pixels. Participants faced the computer screen at a distance of about 50cm. 
The response device was placed between the participants and the screen. The participants were 
instructed to use the right (left) lever for size monitoring and the left (right) lever for brightness 
monitoring. The lever-dimension association was counterbalanced across participants. All participants 
received 6 study series prior to the test. The first series was presented at a constant rate change 
across participants (1017ms for the younger adults and to 1395ms for the older adults). This was a 
size adjustment series. Participants were instructed to adjust the size of the lower half-circle according 
to the size changes occurring in the upper half-circle (see Appendix A1, section A1.1.3.2 for the 
detailed instructions). A feedback on accuray was displayed at the end of the film. Participants were 
informed that they would get a visual feedback after each of the series and they were instructed to try 
to maintain their accuracy level at 65%. In the study phase, participants received a total of 3 
consecutive films in which size had to be monitored. The rate of changes in the second film was 
adapted to the participants’ accuracy in the first series. If the accuracy was higher than 65%, the 
second study film was faster than the initial film. If the accuracy was lower than 65%, the second film 
was presented at a slower rate. This adaptive procedure was also applied for the third study film. The 
fourth series in the study phase consisted in monitoring the brightness. As for the size monitoring, the 
initial rate of change was predefined according to pilot study results. It was of 1030ms for the younger 
adults and 1722ms for the older adults. Participants were instructed to monitor the brightness using 
the other lever. Again, the participants received a visual feedback on their performance after each of 
the three study films.  
After the study phase, participants were presented with the test. It consisted of 10 series of size 
monitoring (single task 1), followed by 10 series of brightness monitoring (single task 2) and 20 series 
for simultaneous monitoring of size and brightness (dual task 1 and 2). These four conditions were 
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administered in a fixed order across participants, all receiving the Size Adjustment single condition, 
followed by the Brightness Adjustment single condition and two series of simultaneous Size and 
Brightness Adjustment dual conditions. The procedure was adaptive and the rate of presentation of 
each one was a function of the participants’ performance in the previous film, to the exception of the 
first film in each task. Indeed, in the Size Monitoring and the Brightness Monitoring tasks, the rate of 
the first film was identical to the rate of the last study film of the corresponding condition. In the dual 
task, the initial series was presented with a change rate of 2126ms and constant across all 
participants. It is noteworthy to mention that the adaptive procedure in the dual task was based on the 
brightness accuracy for the 10 first series and on the size accuracy for the 10 last series. As in the 
study phase, participants were informed of their response accuracy at the end of each film. In the two 
single tasks, only the accuracy for the dimension of interest was displayed. In the dual task, both the 
accuracy for size and for brightness were indicated to the participants. The total duration of the 
Continuous Monitoring Task varied substantially among participants and ranged from 40 minutes to 
approximately 3 hours. For the older adults, an entire session was dedicated to this task.   
 
V.1.4.2.3. SCORES 
The measures recorded during the administration of the Continuous Monitoring Task were the 
presentation rate for each of the 40 “films” and the corresponding percentages of successful 
adjustment. Two scores were further computed based on these recorded measures. 
 
The first score was the mean presentation rate (further referred to as the mean adjustment time) 
computed by condition (single, dual) and type of stimuli (size, brightness). The score was computed as 
the sum of the presentation rates divided by the number of “films” (i.e. 10). It merits mentioning that 
given the adaptive procedure, the rate of presentation was assumed to decrease throughout each 
series of 10 films and reach a steady state by the end of each condition. Thus, across the 10 films of 
each condition, the mean performance in terms of adjustment accuracy should reach the 
predetermined threshold of 65% accuracy. In other words, provided that a stable performance was 
attained, the mean presentation rate should reflect the rate at which individuals achieve the steady 
state.   
 
The second score consisted in the mean percentage of successful adjustment and was used to 
corroborate the assumption regarding the reaching of a steady state in performance. Indeed, if the 
assumption were true, then the mean percentage in accuracy by condition and type of stimuli should 
be close to 65%. Again, if this were true, then there would be no further interest in analyzing this 
score, for, by virtue, it would present little variance and be similar across conditions and types of 
stimuli.  
 
Finally, cognitive cost scores were computed to assess the cognitive cost associated with the dual 
task performance. These scores were a) the absolute difference (i.e. dual - single) and b) the relative 
difference or percent loss (i.e. (dual-single)/single)). As for the Paper and Pencil task, no residual 
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scores were used, due to the experimental design that prevented from making use of a continuous 
distribution of scores. The two cognitive cost scores were computed for both the mean size adjustment 
time and the mean brightness adjustment time. Additionally, a composite score of single and dual 
performance was computed as the average, by condition, of the mean times of size and brightness 
adjustment. Standardization was performed on each variable using the mean and standard deviation 
parameters of the total sample and the scores were computed as SCOMP = (timeSIZE-S + timeBRIGHTNESS-
S)/2 and DCOMP = (timeSIZE-D + timeBRIGHTNESS-D)/2. Cost indices were also computed for this composite 




V.1.4.3. SPECIFIC HYPOTHESES FOR THE DUAL TASKS 
The operational hypotheses formulated for the Paper and Pencil Test and the CMT are provided 
below.  
 
V.1.4.3.1. TASK DEMAND 
Provided that the dual condition is expected to enhance the requirements of sharing the limited 
attentional resources (or to call for an additional coordination function, e.g., Baddeley, 1996a), the first 
hypothesis, rather general, states that the performance in dual condition should be reduced in 
comparison to the performance in single condition. In the Paper and Pencil Test, and according to 
Baddeley and colleagues who developed the task (Baddeley, Della Salla, Gray et al., 1997), the dual 
task calls upon the coordination function of the central executive to handle simultaneously the 
processing of the verbal information, controlled by the phonological loop and the box crossing, 
controlled by the visuo-spatial sketch pad. In the CMT, the dual task places an increased demand on 
the attentional resources to coordinate the two dimensions to be adjusted in the task (e.g., Frensch et 
al., 1999). In both tasks, the increase in task demand associated with the dual condition should be 
reflected by a significant main effect of Condition on the variable considered. In the Paper and Pencil 
test, the proportion of lists correctly recalled and the number of crosses are expected to be smaller in 
dual condition relative to the single. In the CMT, and provided that the presentation rate was 
individually adapted on accuracy, the increase demand placed on control processes should be 
reflected by an increase of the mean adjustment time. It is thus predicted that the adjustment time will 
be significantly longer in dual condition than in single. 
 
V.1.4.3.2. AGE × DEMAND INTERACTION 
Provided that the dual tasks are more complex than single tasks, and that age is associated with a 
reduction in attentional resources that affects the efficiency of processing when coordination is 
required (e.g., Verhaeghen et al., 2003), the hypothesis states that the difference in performance 
between younger and older adults should be larger in the dual condition than in the single condition  
This pattern of behavior should statistically be reflected by a significant Age*Condition interaction. In 
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the Paper and Pencil test, the decrease in the proportion of lists correctly recalled and the number of 
crosses associated with the dual condition should be larger for older than for younger adults. It should 
be shortly reminded that as concerns the proportion of lists correctly recalled, an age-related 
difference in performance in disfavor of the older is expected only in the dual condition, for in the 
single condition the task was adapted to the individual spans and thus ceiling effects are expected. As 
concerns the number of crosses, an age-related difference in performance is already expected in 
single condition, for this task requires speeded motor abilities which have be shown to be reduced in 
aging (e.g., Cerella, 1985). In the CMT, the adjustment time for both size and brightness should be 
larger for older than for younger adults in dual condition relative to the single. Given that the CMT 
holds a speeded motor component, an age-related difference is already expected in the single 
condition but this difference should enlarge in the dual condition. Additionally, if age affects specifically 
the efficiency of the processes involved in dual task coordination, not only an Age*Condition 
interaction is expected, but also a specific Age effect on the dual performance once performance in 
the single task is controlled for (Verhaeghen et al., 2003), that is on the cognitive cost score.  
 
V.1.4.3.3. SPAN × DEMAND INTERACTION 
As concerns the effect of individual differences in attentional resources on the dual task performance, 
the hypotheses are slightly different for the Paper and Pencil Test and for the CMT.  
In the Paper and Pencil Test, it is expected that High Span individuals should be more hampered by 
the dual-task than Low Span individuals, at least as far as younger adults are concerned. Indeed, 
bearing in mind that the digit recall task was initially adapted to the individual span length, it might be 
expected that High Span individuals, who can afford to engage in a chunking strategy in the baseline 
digit span task serving to determine the list length, are indeed provided with longer, and hence more 
demanding series than Low Span individuals. As a consequence, they might be more hampered than 
Low Span individuals when additional processing resources need to be allocated to a concurrent task. 
Therefore, as concerns the proportion of lists recalled, the hypothesis states that High Span 
individuals demonstrate a larger decrease in dual task performance than Low Span individuals. 
Furthermore, because the High Spans are expected to engage more attentional resource in the digit 
recall task, they should have less or at best equivalent remaining resources than Low Spans to 
allocate to the concurrent crossing task. Hence, as concerns the number of crosses produced, either 
High Spans should be more hampered than Low Spans in the dual task, or both groups should 
demonstrate equivalent performance. Statistically, the pattern of performance associated with 
individual differences in attentional resources should be reflected by a significant Span*Condition 
interaction in disfavor of the High Span, probably for both variables under investigation, and at least 
for the proportion of lists correctly recalled. Additionally, the higher cognitive cost expected in the High 
Span group should be reflected by a significant effect of Span on the cognitive cost variables. 
In the CMT, it is expected that Low Span individuals should not be able to afford an equivalent 
presentation rate than High Span individuals to reach the 65% accuracy requirement particularly when 
the two dimensions need to be simultaneously considered. Hence, operationally, it is predicted that, 
relative to High Span individuals, Low Span ones should demonstrate a larger increase in adjustment 
Chapter V 
Overview, method and hypotheses 
 159
time from single to dual condition. This should be statistically reflected by a significant Span*Condition 
interaction in disfavor of the Low Span and by a significant Span effect on the cognitive cost scores. 
 
 
V.1.4.3.4. AGE × SPAN × DEMAND INTERACTION 
As concerns the Paper and Pencil Test, the Span*Condition interaction that was postulated for the 
younger adults needs to be discussed in regards of the older population, and two alternative might be 
proposed. The first alternative considers that, as younger adults, older High Span individuals engage 
in an chunking strategy in the digit recall task and therefore would be more hampered than older Low 
Span individuals when more demand is placed on the resources by a concurrent task. Such a pattern 
of behavior should be reflected both by a significant Span*Task interaction and by a non significant 
Age*Span*Condition interaction. The second alternative posits that due to age-related resources 
reduction, older High Span can not afford to (or simply do not) apply a chunking strategy in the digit 
recall task. As a consequence, High Span should not be hampered by the dual task, above and 
beyond the additional resources requirement placed by the task coordination. In this case, the 
difference between High and Low Span individuals could be attributed to quantitative differences in the 
amount of resources to be allocated to the task coordination, with the Low Span individuals being 
more hampered than the High Span ones in the dual task. This second alternative should be reflected 
statistically by a significant Span*Task interaction in disfavor of the Low Span and by a significant 
Age*Span*Condition interaction. 
As for the Paper and Pencil test, the alternative hypotheses can be proposed for the CMT in regards 
of the pattern of performance expected in this task. Although the Span*Condition interaction is 
expected in both the younger and the older population, two alternatives may be formulated when both 
age and individual differences are taken into account. The first hypothesis states that, in a relative 
sense, the increase in task demand affects similarly High and Low Span individuals in both age 
groups. Indeed, although older adults are expected to demonstrate overall higher adjustment times 
than younger adults, and provided that the efficiency of coordination is affected only by differences in 
working memory capacity to the exclusion of any other age-related underlying factor, then the 
difference between High and Low Span individuals are expected to show similar amplitude in the two 
age populations. In this case, the Age*Span*Condition interaction should not be significant. And 
neither should the Age*Span interaction on dual task cognitive costs. The second hypothesis states 
that due to combined effects of age and individual difference on working memory capacity on 
processing efficiency, the Low Span older adults would be even more hampered by the dual condition 
than younger Low Span individuals. Statistically, this should be reflected by a significant 
Age*Span*Condition interaction on the adjustment times, a well as by a significant Age*Span 
interaction on the cognitive cost scores. 
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V.1.5. SHORT-TERM MEMORY TASKS 
Two tasks were used in the present study to assess short-term memory: The Digit Span and the Corsi 
Blocks. 
 
V.1.5.1. DIGIT SPAN 
The Digit Span Task is a well known and extensively used task in which participants are provided with 
series of digits of increasing length to be recalled either in the order in which they occurred (forward 
digit span), or in the exact reverse order (backward digit span). The forward version of the task is 
assumed to call mainly upon short-term storage capacity – or upon the phonological loop slave system 
in Baddeley’s model of working memory (Baddeley, 1986) – at least as far as adults are concerned. 
The backward version, in turn, is assumed to call upon additional processing components – or 
additional recruitment of central executive functions (Baddeley, 1986) – to manipulate the sequences 
of digits for proper recall. Note that in that sense, the backward digit span is often considered as a 
working memory task, rather than a short-term memory task, for it requires both processing and 
temporary storage of verbal material. Although the most commonly used Digit Span version is that of 
the WAIS (e.g. WAIS-III, Wechsler, 1997b), this experiment used the version developed by 
Binschaedler (1985). Note also that in the present experiment, the performance in the forward 




In the Digit Span task, participants were presented with series of digits at a rate of 1 digit / second. 
The series were read out loud by the experimenter and participants were required to recall the digits 
either in the original order of presentation (forward digit span) or in the inverted order (backward digit 
span). The type of recall defined the experimental condition. Forty-eight lists of digits were used for the 
Digit Span: Twenty-four for the forward condition, and 24 for the backward condition. Each 
experimental condition comprised 8 levels of difficulty, ranging from level-2 to level-9. The level of 
difficulty was defined by the number of digits in the sequence and three different sequences were 
defined within each level of difficulty (contrary to the WAIS-III, Wechsler, 1997b, which contains only 
two series at each level). The sequences used for the Forward Digit Span were those described in 
Bindschaedler (1985), with the exception of the series at level-2 that needed to be built. The digits 
used for the level-2 series were identified with the random function of MS Excel (Microsoft 
Corporation, Seatlle, USA). The random sequences were further checked a posteriori to avoid, within 
a series, facilitating sequences (ex: 1, 2) and repetition of digits (ex: 1,1), and repetition of the same 
series within the task. For the Backward Digit Span, completely new sequences were defined to 
provide the participants with different digit sequences in each of the two experimental conditions. This 
was not the case in the Bindschaedler experiment (1985) in which participants received the same digit 
sequences in both the forward and the backward conditions. All the 24 new sequences were defined 
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according to the procedure just described for the level-2 sequences in the forward condition. The lists 
used for the forward and backward Digit Span tasks are provided in Appendix A1, section A1.1.4., 




The forward and backward conditions of the digit span task were administered to all participants in a 
constant order, starting with the forward condition followed by the backward condition. In the forward 
condition, the participants were required to recall the digits in the original order of presentation 
whereas in the backward condition, they were instructed to recall the digits in the exact invert order 
(the detailed instructions are provided in Appendix A1, section A1.1.4.). There was no delay between 
the presentation of each list and the recall. The participants’ productions were written down by the 
experimenter during recall on a dedicated protocol (provided in Appendix A1, section A1.1.4. in Figure 
A. 31 for the forward condition and in Figure A. 32. for the backward condition).  
 
The administration procedure was slightly different from the standard administration procedure (e.g, 
Bindschaedler, 1985) but identical to the procedure described by Baddeley and colleagues (Baddeley, 
Della Salla, Gray et al., 1997). Indeed, participants were provided with all three sequences of each 
length instead of two sequences in the standard procedure. The procedure was adaptive and always 
started with the 2-digits sequences. At each length, a correct recall of 1/3 of the series lead to the 
presentation of series containing one incremented digit. All lists were provided in a constant order 
across participants and the task was stopped when the participant failed to correctly recall all three 
series of a given sequence length. An identical procedure was applied in both the forward and the 
backward condition. The total administration time for both conditions was of about 10 minutes. 
 
V.1.5.1.3. SCORES 
The standard digit span was defined, by condition, as the longer sequence length for which 2/3 of the 
lists were correctly recalled. A correct recall was defined as the recall of all and no more digits 
presented in the list, either in the exact order of presentation (forward span) or in the exact inverse 
order (backward span). 
 
The modified digit span was defined only for the forward condition as the longer sequence length for 
which 3/3 of the lists were correctly recalled. The accuracy criteria was the same as for the standard 
span. This modified score was used to define the list length in the Paper and Pencil test and was not 
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V.1.5.2. CORSI BLOCKS 
The second task used to assess short-term memory was an adapted version of the Corsi Blocks. This 
task was initially developed by Philip Corsi (1972) and was first published in 1971 (Milner, 1971) in an 
experiment devised to assess incidental learning in epilepsy patients following temporal lobe excision. 
Because the results of this experiment revealed a double dissociation between the type of material 
(digits, tapping sequences) and the side of the lobe excision (left, right), the Corsi Blocks has been 
henceforward established as a task engaging short-term visuo-spatial abilities. The task, often meant 
as a non verbal analogue to the Digit Span, consists in reproducing block tapping sequences 
performed by the experimenter, either in the identical order (forward condition) or in the exact inverse 
order (backward condition). Note that this task could as well be considered to assess the ability to 
restitue ordered sequences rather than span per se.  
The processes underlying performance in the block tapping task are not clearly understood. 
Nonetheless, it is often meant that in the forward condition, the Corsi Blocks engages visual 
components of short-term memory - or the visuo-spatial sketch pad in Baddeley’s (1986) working 
memory model – to encode and maintain the sequentially presented locations. In addition, some 
authors have also suggested that spatial memory tasks holding a sequential presentation, as the Corsi 
Blocks, recruit additional attentional resources – or functions of the central executive – to maintain the 
temporal sequence of locations, either as temporal succession of discrete events, or as progressively 
constructed single visual representation of a path or a shape outline (see Lecerf, 1998, for an 
extensive review of the effects of sequential presentation of visuo-spatial information). In turn, the 
backward condition is meant to engage similar processes as the forward condition, in addition to 
attentional resources required to inverse the sequence. Note that to the extent to which the Corsi 
Blocks requires both storage and processing resources, it may be considered more as working-
memory task than as short-term memory task. Various variants of this task have been proposed (e.g., 
Berch, Krikorian, & Huha, 1998; Bindschaedler, 1985; Fischer, 2001; Kessels, van Zandvoort, Postma, 
Kappelle, & de Haan, 2000; Orsini, 1994; Vecchi & Richardson, 2001), with some included in 
standardized test batteries (e.g., WMS-III, Wechsler, 1997c). The variant used in the present study 
was adapted from the task originally described by Bindschaedler (1985). 
 
V.1.5.2.1. DESCRIPTION 
In the variant of the Corsi Blocks task used in this experiement, participants were presented with a 29 
× 41 cm wooden board on which nine 2cm3 wooden blocks were arranged irregularly. The blocks were 
located on the board as described in Bindschaedler (1985), with this arrangement being different from 
the original used by Corsi (see Berch et al., 1998, p. 324, for examples of existing variants). To assess 
the visuo-spatial span, the experimenter showed a predefined sequence of locations by pointing 
alternatively on blocks at a rate of 1 block /second. The participants were instructed to repeat the 
tapping sequence either in the original order (assessment of the forward span) or in the exact reverse 
order (assessment of the backward span). As shown in Figure 24, each block holds a different number 
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(from 1 to 9) on the experimenter’s side of the display. These numbers served as bench marks for the 
experimenter to convert predefined sequences of digits into tapping sequences.  
The tapping sequences were the same as the sequences used for the Digit Span task. As a reminder, 
twenty-four sequences were used for the forward condition, among which 21 were borrowed from 
Binschaedler (1985) and three were built for the present study. For the backward condition, all the 24 
sequences were built purposely. The sequences were constructed so that repetitions of the same digit 
(i.e. location) within the series and repetitions of the same sequence throughout task were avoided. 
The Corsi block tapping task contained eight levels of difficulty (ranging from 2 to 9) defined by the 
lengths of the pointing sequences. At each level, three tapping sequences were defined. The digit lists 
corresponding to the tapping sequences are provided in Appendix A1, section A1.1.4.2. 
 
  
Figure 24. Pictures of the Corsi Blocks from the experimenter's side (left panel) and from the 




The forward condition was always administered first, followed by the backward condition. In the 
forward condition, participants were instructed to recall the tapping sequences in the original order of 
presentation whereas in the backward condition they were instructed to recall the sequences in the 
exact inverse order (the complete task instructions are given in Appendix A1, section A1.1.4.2.). In 
both conditions, the procedure was adaptive and always started with the three sequences of level-2, 
provided in a constant order across participants. If the recall was correct for at least 1/3 of the lists, the 
three tapping sequences of the next level of difficulty were administered.  Sequences of increasing 
lengths were provided until the participant failed to recall all three sequences of a given length. The 
total time for the Corsi Blocks task was approximately 10 minutes. 
 
V.1.5.2.3. SCORE 
The standard visuo-spatial span, defined, by condition, as the longer sequence length for which 2/3 of 
the sequences were correctly reproduced. A correct recall was defined as the recall of all and no more 
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tapping locations presented in the sequence, either in the exact order of presentation (forward span) 
or in the exact inverse order (backward span).  
 
 
V.1.5.3. SPECIFIC HYPOTHESES FOR THE SHORT-TERM MEMORY TASKS 
The hypotheses formulated in regard to the tasks used to assess short-term memory are threefold and 
concern the condition effect. That is, the difference that is expected between the performance in 
forward and backward conditions, and the additional effects of age and individual differences in 
working memory capacity. Ultimately, alternative hypotheses in regard of the joint effects of age, 
individual differences, and experimental condition will be proposed. 
 
V.1.5.3.1. TASK DEMAND 
The first, and rather general hypothesis concerns the Condition effect and states that performance 
should be lower in the backward condition than in the forward condition. This hypothesis relies on the 
theoretical assumption that the backward condition is more resource demanding than the forward 
condition. This pattern of performance should statistically be reflected by a main effect of Condition on 
the variables considered.  
 
In the Digit Span, the expected distinctive pattern of performance between the forward and backward 
digit span has been reported numerous times in the literature (e.g., Grégoire & van der Linden, 1997; 
Wechsler, 1997b). Typically, it is accounted for by an increase in processing demand in the backward 
condition, relative to the forward condition. Indeed, the forward task is assumed to require, at 
minimum, only storage capacity, whereas the backward task necessitates additional active 
manipulation of the information in order to reverse the sequence of digits. This distinctive 
characteristic has also been framed into Baddeley’s working memory model (Baddeley, 1986; van der 
Linden, 1994). Hence, operationally, it is predicted that the span should be higher in the forward 
condition than in the backward condition. 
In the Corsi Blocks, although theoretically assumed, the decrease in span length associated with the 
backward condition is less straightforward than for the Digit Span. First, only a few experiments have 
been conducted to specifically address the issue of the condition effect on this task. In addition, the 
few findings reported in the literature did not support any condition effect in the Corsi Blocks (or variant 
of the task), for they revealed that the difference in performance was not significantly different between 
ascending and descending recall (Berch & Foley, 1998 cited in Berch, Krikorian, & Huha, 1998; 
Fischer, 2001; Isaacs & Vargha-Khadem, 1989). These rare findings are somewhat contradictory to 
the theoretical assumption according to which the backward condition requires additional processing 
resources to revert the tapping sequence. Hence, even in the lack of empirical support, it is 
nevertheless predicted that the backward spatial span should be lower than the forward spatial span, 
for the backward condition engages additional resources to invert the sequence, above and beyond 
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the resources already required in the forward condition to temporarily maintain the locations and the 
temporal sequence of tapping. 
 
V.1.5.3.2. AGE × DEMAND INTERACTION 
Provided that the forward span may only rely on passive storage capacity and that, to the contrary, the 
backward span engages additional attentional resources to revert the sequence, the hypothesis states 
that older adults should demonstrate smaller spans than younger ones and that the difference in span 
length should be larger in the backward condition than in the forward condition. 
 
In the Digit Span, the older adults are meant to conduct less effective processing than younger and 
should consequently be more hampered when the task enhances the demand to actively reverse the 
digit sequence (e.g., Babcock & Salthouse, 1990).  
In the Corsi Blocks, the older adults should demonstrate shorter tapping sequences than the younger. 
In addition, the backward condition not only calls upon the sequential processing of spatial locations, 
but also requires an inversion of the sequences, one can predict that age-related difference in 
performance should be larger in the backward condition than in the forward one.  
 
V.1.5.3.3. SPAN × DEMAND INTERACTION 
The third hypothesis concerns individual differences in working memory capacity. It is based upon the 
assumption according to which High and Low Span individuals engage in qualitatively different 
strategies to perform the task. Given that in the Digit Span, the strategies may apply only to the 
forward condition, while in the Corsi Blocks, the strategies may be effective in both the forward and the 
backward condition, the hypotheses formulated in regards of the two tasks are slightly different.  
 
As concerns the Digit Span,  there are findings in the literature showing that individual differences in 
the forward digit span may be accounted for by differences in processing strategies (e.g., G. A. Miller, 
1956; Mishra, Ferguson, & King, 1985) and that individuals who do engage in chunking or grouping 
demonstrate higher performance than individuals who rely mostly on passive storage. By contrast, 
strategy differences are not expected in the backward condition. First, chunking or grouping becomes 
ineffective, if not irrelevant, when the task requires an inversion of the digit sequence. Second, the use 
of specific strategies is largely prevented by the processing required to invert the sequence. Provided 
this, the hypothesis states that the difference in performance between the forward and the backward 
condition should be larger for High Spans than for Low Spans. Statistically, this pattern of behavior 
should be reflected by a significant Span*Condition interaction in disfavor of the High Spans. 
In the Corsi Blocks, two broad ranges of strategies should presumably be considered. The first 
consists in actively rehearsing the tapping sequence, as such, by means of implicit overt or covert 
eye-movements (e.g., Baddeley, 1986) and/or discrete shifts of spatial attention (e.g., Awh, Jonides, & 
Reuter-Lorenz, 1998) in addition to the temporal coding of the sequence. By contrast, the second 
strategy consists in recoding the sequence of discrete locations into a single mental representation of 
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a path or a shape that is built in an incremental manner. Note that the latter may be considered, to a 
certain extent, as a visuo-spatial strategy. Moreover, it is viewed as more resource demanding but 
more efficient, for it allows for maintaining a larger number of locations into a single representational 
unit. Hence, individuals who would use this strategy would indeed outperform the individuals who 
conduct the task only based on active rehearsal. Furthermore, and contrary to the chunking applied to 
the digits, the chunking applied to spatial locations is effective both in forward and in backward 
condition. The hypothesis states therefore that individuals who can afford to build a unitary mental 
representation of the sequence should have higher tapping spans than individuals who do not use this 
strategy. It is further assumed that High Span individuals will do some chunking whereas Low Span 
individuals will perform the task by using only active rehearsal. Hence, not only High Span individuals 
should demonstrate higher performance that Low Span individuals, but the difference between the two 
groups is also expected to be larger in the backward condition than in the forward condition. 
Statistically, these patterns of behavior should be reflected by a main effect of Span and by a 
Span*Condition interaction in disfavor of the Low Spans. 
 
V.1.5.3.4. AGE × SPAN × DEMAND INTERACTION 
As concerns the joint effects of condition, age and individual differences different alternative 
hypotheses may be proposed, both for the Digit Span and for the Corsi Blocks.  
 
In the Digit Span, a first alternative would assume that due to an age-related reduction in processing 
resources, neither High Span, nor Low Span older adults may engage specific strategies in the 
forward span task. As a result, the differences in performance across High and Low Span individuals 
may be accounted for solely by quantitative differences in processing resources. Hence, this 
hypothesis would state that the Low Span older individuals should be more hampered than the High 
Span in the backward condition. However, provided that the forward digit span relies mostly on 
passive storage and, hence, does not require large processing resources, individual differences in the 
use of strategies may be found both in the younger and older population. Indeed, although High Span 
older adults are meant to undergo age-related reductions in processing resource, they may still be 
able to conduct chunking or grouping in the forward condition, although in a slightly less efficient 
manner than the younger High Span. To the contrary, older Low Span individuals would (or could) not 
afford the use of strategies and would rely only on passive storage. As a result, they are expected to 
demonstrate a performance close to that of the younger Low Span individuals. Hence, a second 
alternative states that although the absolute level of performance is expected to be lower, qualitative 
differences may still be found in the older population, with the consequence of High Span older 
individuals being more hampered by the backward condition than Low Span older ones. 
 
In the Corsi Blocks, a first alternative hypothesis states that the pattern of performance observed 
between High and Low younger adults as a function of condition is also found in the older population, 
even though, overall, the older population undergoes age-related reduction in available resources. 
Hence, it is possible that older High Span individuals still have sufficient resource to allocate to a 
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chunking strategy, contrary to older Low Spans who would rely mainly on rehearsal. If this prediction is 
correct, then the difference between High and Low Span older adults should be larger in backward 
condition than in forward. In addition, provided that older adults nevertheless have less processing 
resources to engage in the task, their overall performance should be lower than that of younger adults. 
The second alternative hypothesis states that due to an age-related reduction in cognitive resources, 
none of the High and Low Span older adults can afford to use a chunking strategy and both rely on 
rehearsal. Given the evidence that visuo-spatial processing is more affected by aging than verbal 
processing (Jenkins et al., 2000; Myerson et al., 2003), older adults, irrespective of their span, may 
presumably not engage a strategy of path creation. Hence, both groups of older adults should not only 
demonstrate a performance that is lower than that of the younger in the forward condition, but also 
their performance should be more severely affected by the backward condition.  
 
 
V.1.6. LONG-TERM MEMORY TASKS 
The evaluation of long-term memory performance was done with three tasks included in the GFT 
(Computerunterstützter Gedächtnis-Funktions-Test , Perrig et al., 1994), an omnibus battery of tests 
assessing various aspects of memory and attention. These tasks were the Delayed Free Recall task, 
the Recall from Source Memory task, and the Recognition task, respectively.  
 
V.1.6.1. DELAYED FREE RECALL 
The Delayed Free Recall is a computerized task in which participants were required to recall elements 
previously implicitly encoded during a preliminary encoding phase. Both encoding and recall phases 
were part of the GFT battery of tests (Perrig et al., 1994). 
 
V.1.6.1.1. DESCRIPTION 
For the Delayed Recall task, as well as for the two other tasks assessing long-term memory 
performance, the encoding phase was performed by means of a “search for errors” task in which 
participants were provided with two complex images presented simultaneously on the computer 
screen, as reproduced in Figure 26. Both images were similar at first glance and contained a series of 
discrete elements, among which several images from the Snodgrass and Vanderwart (1980) image 
database (bicycle, camel, hat, cat, star, rabbit, duck, lion, horse, elephant, carriage, candle, glasses, 
dresser and clock), patterns with different textures, typed words, typed digits and dots. All the 
elements were outlined or printed in black on a light grey background. On the image presented on the 
left-hand side of the screen (target image), 18 details were degraded or modified relative to the image 
presented on the right-hand side (template image). Based on the latter, participants were required to 
find details that differentiated the two images. This task was presented to the participants as a “search 
for errors” task. Participants were nevertheless also instructed to be careful to the image content, in 
order to be able to provide information about it later in the examination. Thus, participants were not 
explicitly instructed to memorize the elements presented, but were warned that this information was 
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important to keep in mind during the series of tests. About 20 minutes after the encoding phase, and 
after a series of other tests administered in-between, the Delayed Free Recall was administered. In 
this task, participants were required to recall as many elements as possible previously presented in 
the “search for errors” screen. 
 
V.1.6.1.2. PROCEDURE 
The GFT test battery, and by extension all three long-term memory tasks, were administered by 
means of an AST Bravo LC 4/33 personal computer provided with a 15-inch touch screen with a 
resolution of 800 x 600 pixels. Participants faced the computer screen at a distance of about 50cm. At 
encoding, participant were initially told that the task consisted in finding differences among two very 
similar images. This particular procedure was indeed meant to draw the participants’ attention to the 
image content without explicitly instructing them to encode its elements. This “search for errors” task 
comprised an example and the test per se. The assessment began with a screen display containing 
the general instructions (see Appendix A1, section A1.1.5.1 for the details). These were read by the 
participants and if requested, additionally provided orally by the experimenter. Immediately after the 
instructions, an example was presented to provide further details on the task requirements. The 
example screen contained two images (reproduced in Figure 25), a “correct” image presented on the 
right-hand side of the screen and a target image with missing details presented on the left. Among all 
the differences introduced in the target image, two were highlighted by a pointing arrow. Following the 
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Participants were instructed to find, as quickly as possible, the differences between the two test 
images and to mention each of them out loud. As soon as the participant discovered an error, the 
experimenter hit the left button of the mouse device and a pointer appeared on the screen. It allowed 
the experimenter to further click onto the location were the participant found the error. After each 
mouse click, the participants received a visual feedback on their performance. If the response was 
correct (i.e. there was a missing detail on the described location), then «Bravo, continuez / Good, 
continue » was shortly displayed on the screen. In the response was incorrect (i.e. there was no errors 
at the mentionned location), the message « Pas d’erreur, contrôlez svp / No error, please check » was 
displayed. The test image was presented during 3 minutes for all participants, independantly of the 
number of errors found. The participants responses were recorded by the computer. The first mouse 
click allowed to record the response time, whereas the second mouse click allowed for a recording of 
accuracy in terms of hits and false alarms. 
 
 
Figure 26. Images used for the encoding phase of the recall from long-term memory tasks 
 
 
The recall phase occurred about 20 minutes after encoding. The first recall task was the Delayed Free 
Recall. Participants were instructed to recall as many elements as possible that were displayed in the 
“search for errors” screen image (i.e. the implicit encoding phase). A total of 36 elements could be 
recalled, according to predefined criteria (provided in Appendix A1, section A1.1.5.1, Table A.8.). 
Participants had 2 minutes to provide their responses, but they were not warned about the time 
constraint. During the recall, the experimenter recorded the participants’ responses on a dedicated 
protocol (provided in Appendix A1, section A1.1.5.1). At the end of the 2-minute time interval, the 
experimenter stopped the task and the Recall from Source Memory task was administered (see next 
section for details). 
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V.1.6.1.3. SCORES 
The number of elements correctly recalled was the number of elements that were presented at 
encoding and recollected once.  
 
The number of intrusions was defined as the number of elements that were NOT presented at 
encoding but nevertheless recollected during recall.  
 
The number of repetitions was defined as the number of elements that were indeed presented at 
encoding but were recollected more than once during recall.  
 
 
V.1.6.2. SOURCE MEMORY RECALL 
As the Delayed Recall task, the Source Memory task was included in the GFT (Perrig et al., 1994). 
Although both tasks share the same encoding phase, they differ on the type of information required at 
recall. Indeed, in the Source Memory task, participants were instructed to recall only the differences 
(or mismatches) found between the pictures presented at encoding. 
 
V.1.6.2.1. DESCRIPTION AND PROCEDURE 
The assessment of Source Memory recall performance necessitated two distinct phases: an encoding 
phase and a recall phase. As a short reminder, this task required the search for mismatches across 
two complex images presented simultaneously during 3 minutes on the computer screen (the detailed 
description was already provided in page 167). During the recall phase, which occurred about 20 
minutes after encoding and immediately after the Delayed Free Recall task, participants were required 
to recollect all the mismatches they found while performing the search for errors task. All the 
responses given by the participants were recorded online by the experimenter on a dedicated protocol 
(the detailed instructions and the response protocol are provided in Appendix A1, in section A1.1.5.2). 
For the present recall task, and contrary to the Free Recall, there were no time constraints for the 
participants to provide their responses. The duration of the recall lasted approximately 5 minutes. 
 
V.1.6.2.2. SCORES 
The number of mismatches correctly recalled (also referred to as the number of elements correctly 
recalled) was defined as the number of existing mismatches in the “search for errors” encoding task 
recollected once at recall. The maximum score was of 18. The number of hits was subsequently 
reported to the actual number of mismatches found during the encoding phase (as a reminder, hits 
and false alarms were recorded online by the computer during this test phase), to assess recall 
performance once encoding was controlled for. This ratio reflected the proportion of mismatches 
correctly recalled. The second score was meant to index performance controlled for the initial recall 
score. 
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The number of intrusions was defined as the number of differences that did not actually exist between 
the two encoding images but nevertheless recollected as mismatches during recall. This score was 
further transformed into a proportion, by dividing the number of false alarms by the total number of 
mismatches introduced in the images (i.e. 18).  
 
Finally, the number of repetitions was defined as the number of mismatches that were indeed 
presented at encoding but were recollected more than once at recall. This score was further 
transformed into a proportion, by dividing the number of repetitions by the total number of mismatches 
introduced in the images (i.e. 18).  
 
V.1.6.3. RECOGNITION TASK 
The Recognition task was administered within the GFT (Perrig et al., 1994) and consisted in 
recognizing images previously presented among a set of 30 images containing both targets and lures.  
 
V.1.6.3.1. DESCRIPTION AND PROCEDURE 
In the Recognition task, participants were presented with a screen display containing 30 pictures of 
objects among which 15 were part of the image presented at encoding (i.e. in the “search for errors” 
screen) and 15 were lures. The screen display is reproduced in Figure 27. Participants were instructed 
to tell which among the 30 pictures were previously presented in the “search for errors” task (see 
Appendix A1, section A1.1.5.3 for the detailed instructions).  
The recognition task was administered immediately after the Recall from Source Memory, that is, 
about 25 minutes after encoding. The response display was presented to the participants and for each 
response provided, the experimenter dragged the mouse pointer to the location designated by the 
participant and clicked on the corresponding picture. The response accuracy was recorded online by 
the computer. The duration of the Recognition task was of approximately 5 minutes. 
 
Chapter V 
Overview, method and hypotheses 
 172
 
Figure 27. Response screen used for the recognition task 
 
V.1.6.3.2. SCORES 
The number of hits (also referred to as the number of elements correctly recognized) was defined as 
the number of pictures actually presented in the “search for errors” task and subsequently recognized 
in the response display.  
 
The number of false alarms (also referred to as the number intrusions) was defined as the number of 
pictures that were not presented at encoding but nevertheless pointed out by the participant during 
recall.  
 
The third score used to asses the performance in recognition was a score called d-prime (d’) (Brophy, 
1986; Dai, Versfeld, & Green, 1996; Donaldson, 1992) and borrowed from the signal detection theory. 
This score allowed one to quantify accuracy of recognition by taking into account both hits and false 
alarms. It was computed as the z-transformed probability of hits (computed as the number of elements 
correctly recognized divided by the total number of targets displayed on the image) minus the z-
transformed probability of false alarms (computed as the number of elements erroneously recognized 
divided by the total number of lures displayed on the image), such as d’= zp(H|15) - z p(FA|15). Thus, 
positively valenced d’ value indicate that the targets were better discriminated than the lures. Zero 
values reflect the fact that targets and lures were not distinguished. Finally, scores with a negative 
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V.1.6.4. SPECIFIC HYPOTHESES FOR THE LONG-TERM MEMORY TASKS 
Before detailing the hypotheses formulated in regards to long-term memory, it should be mentionned 
that no specific hypotheses are drawn with respect of the Span level, for no differences are expected 
between the performance of High and Low span individuals, at least as far as younger adults are 
concerned. Indeed, when individual differences in attentional resources were reported to account for 
the differences in performance in long-term recall task (as differences in the fan effect , e.g., Cantor & 
Engle, 1993), these were ultimately attributed to the use of differential encoding strategies, such as 
chunking or elaborative rehearsal. However, in the present experiment, the instructions purposely lead 
the participants to use a shallow encoding (i.e. to find perceptual mismatches) and there were no 
reasons to expect the use of other, more elaborative, strategies leading to differences in recall and 
recognition.  
 
V.1.6.4.1. AGE EFFECT 
The rather general hypothesis formulated in regard to the age-related effects on performance in tasks 
assessing recall and recognition states that older adults should demonstrate, in all three tasks, a 
performance significantly lower than the younger. However, the hypothesized accounts of these 
differences being different across tasks, they are detailed separately below.  
 
In the delayed Free recall task, which requires a fairly large amount of self initiated reconstructive 
operations for the information to be recollected (e.g., Craik, 1983), older adults are expected to be 
more hampered than younger ones in retrieving the previously presented information. Consequently, 
because older adults have less resources available than the younger, they are expected to be less 
effective in engaging self initiated processes to compensate for the lack of the contextual information 
given in the recall tasks. Operationally, older adults, relative to younger, should demonstrate a lower 
number of elements correctly recalled than the younger. In addition, because older adults are meant to 
undergo an age-related decrease in the ability to resist to interference (e.g., Hasher & Zacks, 1988), 
the number of errors (as indexed by the number of intrusions and repetitions) should be larger in this 
age group than in the younger one. Statistically, this expected pattern of behavior should be reflected 
by a significant main effect of Age on the number of elements correctly recalled and on the number of 
errors, with the older adults retrieving less correct elements, and at the same time more incorrect 
ones. 
In the Source Memory task, parallel hypotheses are drawn. Indeed, the recall task being also a free 
recall task, older adults are expected to be more hampered than younger ones in recollecting the 
mismatches that were introduced in the complex image presented at encoding. Hence, operationally, 
the older adults are expected to demonstrate a lower number of mismatches correctly recalled than 
the younger. Furthermore, the difference should hold over and beyond the possible differences in the 
number of mismatches initially found. Thus, the proportion of mismatches correctly recalled is also 
expected to be lower in the older age group than in the younger. Finally, as for the delayed free recall, 
the older adults are expected to produce a larger number of errors (including repetitions and 
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intrusions) than the younger, due to an age-related decrease in inhibitory processes. As for the 
delayed Free Recall task, the pattern of behavior that is expected should be statistically reflected by a 
main effet of Age on the scores considered, with the older adults demonstrating a lower proportion of 
mismatches correctly recalled and a higher number of elements erroneously recalled. 
In the Recognition task, the hypotheses are slightly different for they do not imply an age-related 
reduction in performance accounted for a lack of self initiated processes. Hence, it is predicted that the 
number of pictures correctly recognized (i.e. hits) should not be significantly different between younger 
and older adults, because contextual information is provided in the recall task. However, because 
older adults are less efficient in inhibiting irrelevant information, they should demonstrate a 
significantly larger number of false alarms than the younger. Ultimately, considering both hits and false 
alarms, the recognition performance should therefore be lower for the older adults than for younger. 
Hence, the d-prime values are expected to be smaller for the older individuals than for younger ones. 
This pattern of behavior should be reflected by a significant main effect of Age on the number of false 
alarms and on the d-prime values, with the older adults demonstrating more intrusions and lower d-
prime values than the younger adults. No significant age-related differences are expected for the 




V.1.7. PROCESSING SPEED 
In the present experiment, processing speed was assessed by only one task, a Target Detection task, 
provided in the GFT battery of tests (Perrig et al., 1994). Originally, this task was not meant as 
measuring processing speed per se, but as providing control performance for a dual task, also 
administered in the GFT. The Target Detection may nevertheless be considered as a processing 
speed task, for it involves determining and initiating an appropriate response to a stimulus, without any 
of the following: large recruitment of attentional resources, temporary maintenance of relevant 
information, and use of prior knowledge. As such, the task corresponds to other tasks meant to assess 
processing speed, such as perceptual comparison tasks (e.g., Pattern Comparison or Digit 
Substitution) or tasks involving a choice reaction time. De facto, the Target Detection belongs to the 
latter category, for it involves deciding, as fast as possible, on which side of a computer screen a 
stimulus is displayed.  
 
 
V.1.7.1. TARGET DETECTION TASK 
V.1.7.1.1. DESCRIPTION  
The Target Detection task is part of the GFT omnibus battery of cognitive tests (Perrig et al., 1994) 
administered by computer. In this task, the participants were presented with targets flashing either on 
the right or on the left side of the screen. The targets were pictures representing a sun, taken from the 
Snodgrass and Vanderwart (1980) image database, as shown in Figure 28.  
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Figure 28. Image used in the Target detection task 
 
 
The size of the image on the screen was approximately of 1cm2. The pictures had black contours and 
were presented on a light grey background during 100ms with a ISI (inter-stimuli interval) varying 
randomly between 4s and 5s. Thirty targets were presented according to a random left-righ sequence, 
but to total 14 left-sided and 16 right-sided presentations. The task consisted in deciding, for each 
target, its side of appearance and to respond, as fast and accurately as possible, by pressing the 
corresponding button of the mouse device. The manual response was always given with the right 
hand using the index and the middle fingers. 
 
V.1.7.1.2. PROCEDURE 
The Target Detection task was administered by means of an AST Bravo LC 4/33 personal computer 
on a 15-inch screen with a resolution of 800 x 600 pixels. Participants faced the computer screen at a 
distance of about 50cm. The task instructions (given in Appendix A1, section A1.1.5.3) were presented 
on the screen and may have been read aloud by the experimenter on participant’s request. Before the 
task started, it was ensured that the participant could manage to respond with the mouse device. 
Thus, participants were asked to click on the left (right) mouse button according to a short random left-
right sequence orally specified by the experimenter. Once the experimenter ensured that the 
participants could use the mouse device, the test was presented. During the task, participants 
response latencies and accuracies were recorded online by the computer. Response time measures 
corresponded to the time between the stimulus appearance and the response provided by mouse 
click. The task duration was of 5 minutes. 
 
V.1.7.1.3. SCORES 
Since the Target detection task was part of the computerized GFT, the computer directly recorded the 
measures of interest. The software automatically computed the overall result and unfortunately, there 
was no single event data available for further analysis. Thus, the performance was indexed by the 
following global scores: 
 
The number of targets correctly detected. A correct detection was defined as a mouse click on the 
button corresponding to the side of the screen on which the stimulus was presented. 
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The mean detection time for the targets correctly detected which was computed as the sum of the 
response times for correct detections divided by the number of correct detections. 
 
 
V.1.7.2. SPECIFIC HYPOTHESES FOR THE TARGET DETECTION TASK 
The hypotheses formulated for the Target Detection task only concern Age effects. No specific 
predictions are made in regards of the Span effect, for no Span-related differences are expected.  
As concerns the effect of Age on performance, and based on the numerous results reported in the 
literature supporting a decrease in processing speed with aging both in speeded tasks providing 
measures of perceptual comparison speed (e.g., Salthouse, 1992a, 1993) and choice reaction times 
(e.g., Nettelbeck & Rabbitt, 1992; Rabbitt & Goward, 1994), it is predicted that older adults should 
demonstrate slower target detection times than younger adults. This pattern of performance should be 





V.1.8. RESISTANCE TO INTERFERENCE 
In the present experiment, inhibition was assessed with the Color Stroop test, which requires one to 
actively suppress a prepotent incorrect response – reading – activated by the stimulus in face of a less 
prevailing but correct response – color naming. Hence, the Color Stroop task may be viewed a as 
misleading task that particularly assesses the restraint function of inhibition, or the abilitiy to resist 
interference. 
 
V.1.8.1. COLOR STROOP TEST 
The Color Stroop test used in the present experiment is a computerized version of the task originally 
described by J.R. Stroop (1935) and recently adapted by Spieler, Balota and Faust (1996) for item by 
item computerized assessment. As in the latter, the present version Color Stroop comprised two tasks. 
The first was a Naming task in which participants were required to name the color of the “ink” used to 
display either words or rectangles. The second was a Reading task, in which participants were 
required to read colored words.  
 
V.1.8.1.1. DESCRIPTION 
The computerized Color Stoop test used in the present experiment was built with PsyScope 1.1.1. 
(Cohen, MacWhinney, Flatt, & Provost, 1993) and run by means of a 6100/66 Power MacIntosh 
computer equipped with voice key and button box devices. The monitor used to display the stimuli had 
screen resolution of 640x480 pixels. The Color Stroop test embodied three testing parts, namely a 
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Reading task, a Naming task, both preceded by a short test assessing color vision. The latter was 
always administered first to ensure that participants had adequate vision for the colors further used in 
the Reading and the Naming tasks (see Appendix A1, section A1.1.7). 
 
 
Figure 29. Example of stimuli used in the Color Stroop naming and reading tasks 
 
The Naming and the Reading tasks, were built according to an identical overall structure, each 
comprising a learning phase and a test phase. The latter was divided in 5 experimental blocks. Four 
types of items were used in each of the two tasks: congruent items, incongruent items, neutral words 
items and control items. Congruent items consisted of color names “printed” in the color corresponding 
to the meaning of the word (ex: “red” written in red). Incongruent items consisted of color names 
displayed in colors that did not correspond to the meaning of the words (ex: “red” written in blue). 
Neutral words were adjectives printed in color. All three types of items were used for the Naming and 
the Reading tasks. Additionally, for each of the tasks, a fourth type of item was built. In the Reading 
task, it consisted of color names written in white (color-name items) and in the Naming task, it 
consisted of colored rectangles (patch items). Relative to the corresponding task, these two types of 
items served as control, as they required only reading the word or naming the color. A total of 40 
different stimuli (4 congruents, 12 incongruents, 16 neutral words, 4 color names and 4 color patches) 
were created using SuperPaint 3.0 (Aldus Corporation, Seattle, USA) and saved in PICT image file 
format readable by the PsyScope software. Images were sized 576x720 pixels and the stimuli were 
centered on a virtual 125x45 pixels box aligned on the center of the image. Color names were written 
in Times New Roman True Type 48pts font, using the same colors as the ones used for the Color 
Vision task (i.e. yellow, red, green and blue from the 216-colors standard RGB palette, in addition to 
the white for the color-name items). For the patch-items, the virtual box was colored in each the 4 
different colors. 
The color names used in the Color Stroop test were chosen according to linguistic properties, that is 
they were all monosyllabic words and held a surface frequency in French higher than 5000 (Brulex 
database, Content et al, 1990). The adjectives used to constitute the neutral-words items were “fort”, 
“neuf”, “grave” and “plein” (strong, new, grave, full) and were chosen to match the color names 
properties. Several example of items are displayed in Figure 29 (see also Appendix A1, section 
A1.1.7,  Table A.10 for the characteristics of the color and neutral words) 
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Both the Naming and Reading tasks comprised 8 learning items (2 of each type) and 140 test items. 
Among the latter, there were 4 different congruent items (1 name x 4 colors) repeated 9 times 
throughout the task, 12 different incongruent items (4 names x 3 colors) repeated 3 times, 16 different 
neutral-word items (4 adjectives x 4 colors) repeated twice, and 4 control items (1 patch x 4 colors; 4 
names in white) repeated 9 times. The corresponding percentages were of 25.71% for congruent, 
incongruent and control items, and of 22.86% for neutral words. Each of the five experimental blocks 
contained 28 test trials. The different types of stimuli were pseudo-randomly assigned in the test 
sequence, provided that each type would appear an equivalent number of times within each 
experimental block (see Appendix A1, section A1.1.7, Table A.10, for the repartition and Figure A.34 
and Figure A.35 for the detailed sequence of the Naming and the Reading tasks, respectively). 
Additionally, the sequence was checked a posteriori to avoid more than one repetition of the an 
identical expected response (ex: green rectangle, “blue” written in green, “fort” written in green, which 
all require the “green” response in the Naming task) and for negative priming effect. 
 
V.1.8.1.2. PROCEDURE 
The Color Stroop task was administered by means of a Power MacIntosh computer and all 
participants received both the Naming and the Reading tasks, always preceded by the Color Vision 
test. In the latter, participants were required to name out loud the colors presented on the screen (the 
instructions are given in Appendix A1, section A1.1.7). Each display remained on the screen until 
participants provided a vocal response in the voice key device. If the Color Vision test was successful 
(i.e. the participants could correctly recognize and name each of the four colors), the Naming and the 
Reading task were administered. The order in which the two tasks were administered was 
counterbalanced across participants.  
 
As a reminder, the overall structure of the two tasks was identical and consisted in a 8-items learning 
phase followed by 5 experimental blocks of 28 items each (for a total of 140 test items). Within each 
task, the block sequence and the item sequence remained the same across participants. Each item 
was individually displayed on the screen and remained until the participants gave their responses. 
Each vocal response launched the following display. In the block sequence, each item was preceded 
by a 1000ms fixation point and followed by a 800ms empty screen, as displayed in Figure 30. 
Participants were instructed either to read individual words (Reading task) or name the color of the 
“ink” of individual words or rectangles (Naming task). They were asked to provide their response out 
loud in the voice key and to respond as fast and accurate as possible to each stimulus (the detailed 
instructions are provided in Appendix A1, section A1.1.7). The response latencies to the stimuli were 
individually recorded by the computer (and were measured from the stimulus appearance onward) 
while the accuracy of response was recorded online by the experimenter on a dedicated protocol 
(provided in Appendix A1, section A1.1.7) 
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Figure 30. Example of stimuli used in the Color Stroop Naming and Reading tasks 
 
The tasks (either Reading or Naming according to the order assigned to the participant) started with 
an 8-item learning phase, that was introduced to allow familiarization with the task and the response 
device. The test phase immediately followed the learning phase and comprised 5 experimental blocks, 
separated by 4 short breaks. The duration of each of the task was approximately 5 minutes, with an 
overall duration of the Color Stroop test of 15 minutes. 
 
V.1.8.1.3. SCORES 
The median response time, was computed, by task and experimental condition (i.e. type of item), on 
the latencies for the correct responses only.  
 
The total number of intrusions was defined as a the number of responses that were not expected but 
nevertheless induced by the material. A prototypical example of this type of error was reading the 
word instead of naming the color. In order to compare across conditions, a proportion of intrusions 
was computed by dividing the number of intrusions reported in each condition by the number of trials 
constituting the condition (i.e. 36 for congruent, incongruent and white words/patches, and 32 for 
neutral words). 
 
The total number of “errors” was also computed and was defined as the sum of intrusions and 
erroneous trials. The latter were defined as trials associated with voice key recording failures and/or 
invalid recordings related to participant’s interjections during the task. From a behavioral standpoint, 
this score had not much meaning, but was used to check for the number of trials included to compute 
the median response latencies. As for the number of intrusions, the proportion of errors was further 
computed by dividing, the total number of errors reported in each condition by the number of trials 
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Interference and facilitation indices were computed by task and for each participant as a relative 
difference between the time to respond to incongruent (congruent) items and the time required in 
given control conditions.  
 
As concerns interference, the score was computed with the color patches for the Naming task and the 
white words for the Reading task as (timeINCONG – timePATCH) / timePATCH and (timeINCONG – timeWHITE) / 
timeWHITE. These reference conditions were preferred to two possible others (i.e. neutral words or 
congruent items) because they were assumed to isolate, and hence, engage, either color naming or 
word reading. Consequently, the score reflects the processing cost due to incongruent information 
relative to condition in which no misleading information is present. The score was computed so that a 
positive score denotes the presence of the effect. 
 
 As concerns facilitation, the score was computed with the same reference conditions than those used 
to compute the interference score. Hence, the score was calculated as (timeCONG – timePATCH) / 
timePATCH, and (timeCONG – timeWHITE) / timeWHITE, for the Naming and the Reading tasks, respectively. 





V.1.8.2. SPECIFIC HYPOTHESES FOR THE COLOR STROOP TASK 
V.1.8.2.1. TASK DEMAND 
The first hypothesis is rather general and concerns the differences that are expected between the 
latencies in the Reading task and the Naming task. As pointed out by many authors (e.g., J. M. Cattell, 
1886; Lindsay & Jacoby, 1994; see also MacLeod, 1991), the reading and naming processes 
distinguish one another by their requirements of volitional control processes and hence, by their speed 
of effection. Provided that most adult individuals have integrated reading through learning, and that 
this process is constantly reinforced by everyday activity, reading is usually considered as a fast, 
automated process. To the contrary, naming is a process that is less of a habit, that is more resource 
demanding and that requires more time to complete. Provided this, the first hypothesis states that 
response times should be significantly longer in the Naming task than in the Reading task. This 
pattern of results should be statistically reflected by a significant main effect of Task.  
 
V.1.8.2.2. CONDITION  
The second hypothesis concerns the differences that are expected between the incongruent and 
control conditions, both in regards of the response times and the error rates. It concerns only the 
Naming task, in which incongruent items are associated with a response conflict, contrary to the 
Reading task in which such a conflict is not expected. Indeed, in the Naming task, incongruent trials 
are expcted to engage two types of responses, the reading response which is automated and fast, but 
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irrelevant, and the naming response which is slower but relevant. In order to fulfill adequately the 
naming goal, the color dimension must be attended in the face of the word dimension which must be 
ignored. In other words, the reading prepotent response must be actively inhibited (which is not the 
case in the Reading task). And this additional inhibitory process is associated with an increase in 
response time which characterizes the “interference effect”. Note also that is has been demonstrated 
that the larger the association between the perceptual and the semantic information contained in the 
stimuli, the larger the conflict between the competing reading and naming responses (see MacLeod, 
1991, for a review). Provided this, the second hypothesis states that the response time should be 
larger in high conflict incongruent trials as compared to lower or no conflict conditions, as neutral word 
and congruent or colored patch trials. This pattern of results should be reflected on response times by 
a significant effect of Condition, associated with a specific lengthening of response times in the 
incongruent condition, as compared to the responses times observed in all other conditions. 
 
V.1.8.2.3. AGE × CONDITION INTERACTION 
The third hypothesis concerns the age differences in the ability to inhibit irrelevant responses. 
According to Hasher and Zacks (1988), inhibition is a mechanism that decreases in efficiency with 
increasing age and thus age differences are expected to be found in tasks which require an 
engagement of this mechanism. Because inhibition is meant to engage attentional resources which 
are lessened in older adults, the hypothesis states that older adults should demonstrate larger 
interference effects than younger adults. Indeed, the increase in response time associated with the 
active suppression of irrelevant response in incongruent trials is expected to be larger for older than 
for younger adults. This pattern of results should be reflected by a significant Age*Condition 
interaction on response times. As pointed out by Verhaeghen and De Meersman (1998b), if older 
adults demonstrate a specific deficit in inhibition, the age-related differences reported on reaction 
times should remain above and beyond those predicted by the general slowing hypothesis. 
Consequently, not only should an Age*Condition interaction on response times be significant, but, 
significant Age effects on interference scores should also be found.  
 
V.1.8.2.4. SPAN × CONDITION INTERACTION 
The fourth hypothesis concerns individual differences in working memory capacity. It is based upon 
findings showing that High and Low Span individuals differ in their ability a) to maintain the task goal in 
an active easily retrievable state throughout the task (Kane & Engle, 2003) and b) to actively suppress 
the irrelevant prepotent response in trials that require them to do so (Kane & Engle, 2003; Long & 
Prat, 2002).  
Provided this, the hypothesis states that Low Span individuals should demonstrate reduced 
performance as compared to the High Span individuals in the incongruent condition. If task goal 
maintenance is affected, then an interference effect is expected on the proportion of errors, which 
should be larger in the incongruent condition than in control condition. Furthermore, the difference 
between the two conditions should be larger for the Low Span than for the High Span individuals. In 
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addition, if response suppression requires an additional resource demand, an interference effect is 
expected on the response times, which should be longer in incongruent condition than in control 
conditions.  
Moreover, this effect is expected to be larger for the Low Span than for the High Span individuals. 
Interference effects both on error rates and on response times should be reflected by a significant 
effect of Condition which, in addition should interact with the Span Level in disfavor of the Low Span 
individuals. Larger interference should also be reflected by a significant effect of Span on interference 
scores. 
 
V.1.8.2.5. AGE × SPAN × CONDITION DEMAND INTERACTION 
In the Naming task, the Span*Condition interaction and Span effect on interference indices are 
expected in both the younger and the older population. However, because older Low Span are 
expected to show an overall reduction in working memory capacity, the Span effect on interference is 
assumed to be larger in the older population than in the younger. Indeed, whereas younger Low Span 
individuals are expected to show a larger difference in response time between incongruent and control 
trials than younger High Span individuals due to difficulty in suppressing the prepotent reading 
response, the corresponding effect in the older population is expected to be even larger. Likewise, a 
similar pattern of results is expected for the error rates. Indeed, if younger Low Span individuals are 
expected to be more likely to loose the naming goal throughout the task than High Span individuals, a 
comparable behavior is expected in the older population, but to a larger extent. The pattern of 
behavior expected both for the response times and the error rates should be statistically reflected by 
an Age*Span*Condition interaction. Furthermore, if differences in age and working memory capacity 
are specifically associated with a difficulty in prepotent response inhibition, and that over and beyond 
processing speed difference expected on the basis on the age-related general slowing, then a 
Age*Span interaction is expected on the interference score computed on the response times. 
 
 
V.2. SUMMARY  
The present experiment was intended to evaluate the account of age and individual differences in 
working memory capacity on the performance in various tasks assessing fluid cognition. The design 
adopted was an extreme group design allowing for the investigation of both quantitative and qualitative 
differences among groups. Although such a design has been applied in the study of individual 
differences in working memory in younger adults (e.g. Engle, 2002), there is no corresponding 
application in the field of cognitive aging. Hence, the use of such an approach characterizes the 
specificity of the experiment. 
 
Two tasks were used to assess working memory, the Reading Span and the Matrices Double Verbal. 
It was expected that both draw on similar pool of attentional resources and hence, the measures 
acquired with these tasks should were expected to provide an index of the capacity available to the 
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individuals. Based on their performances, younger and older individuals with High and Low scores 
should be identified and retained for further analyses conducted on the basis of group comparisons.  
 
The hypotheses, hence, mainly concern the effect of age and individual differences in working 
memory capacity on the cognitive performance. At a rather general level, it is assumed that reductions 
in working memory capacity account for reduced performance in tasks that are demanding in cognitive 
resources.  
 
A first general and trivial assumption was that for all individuals, the level of cognitive performance 
was expected to vary as a function of the task (or condition) demand. Irrespective of age and resource 
capacity, the higher the task demand, the lower the performance. This effect of the increase in task 
demand over performance was expected between the single and dual conditions of the dual tasks 
(Paper and Pencil test and CMT), between the forward and backward conditions of the short-term 
memory tasks (Digit Span and Corsi Blocks) and between control and incongruent conditions in the 
Color Stroop task. 
A second general assumption was that older adults were expected to demonstrate overall lower 
performance than younger adults in tasks engaging cognitive resources. First, due to an age-related 
reduction in processing speed, older adults were expected to exhibit lower performance than younger 
adults in tasks explicitely requiring speeded components (i.e. the Box Crossing, CMT, Target 
Detection task and Color Stroop task). But more importantly to the present purpose, due to a reduction 
in working memory capacity, older adults were expected to be more hampered than younger in tasks 
requiring processing capacity in terms of attentional control. Hence, age differences were expected in 
dual task coordination, recall from short and long term memory and resistance to interference.  
More specifically, it was assumed that increasing task demand should hamper more individuals with a 
smaller pool of resources than individuals with larger ones. This assumption was made primarily in 
regards of age-related reduction in attentional control. In tasks in which the demand was manipulated 
(i.e. single and dual conditions of the Paper and Pencil test and the CMT; the forward and backward 
conditions of the Digit Span and the Corsi Blocks and the control and incongruent conditions of the 
Color Stroop Naming task), older adults were expected to demonstrate overwhelming difficulties, 
relative to younger adults, in more demanding conditions than in lesser demanding ones.  
 
Although intuitively, similar predictions could be made in regards of individual differences in working 
memory capacity, these were restricted to tasks in which neither in lesser, nor in higher demanding 
conditions, specific strategies could be expected. Those were the dual tasks (to the exception of the 
lists in the Paper and Pencil test) and the Naming task of the Color Stroop test it which it was 
expected that Low Span individuals may markedly differ from High Spans. However, for the lists in the 
Paper and Pencil Test as well as in the Digit Span and Corsi Blocks, an alternative, somehow 
counterintuitive prediction was made. Indeed, it was assumed that High Span individuals, contrary to 
Low Span ones, would engage chunking strategies in the forward condition. Because these strategies 
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become no longer relevant or appropriate in the backward condition (and particularly in the verbal 
task), the relative loss in performance was expected to be larger for High Spans than for Low Spans. 
Ultimately, the experiment was conducted to investigate the effect of individual differences in working 
memory in aging. In this perspective, the most intuitive assumption posits a combined effect of age 
and individual differences on performance. Hence, the most straightforward prediction was that older 
adults with poorer working memory capacity were the most hampered among all groups under 
investigation. Questions remained open, however, in regards of the performance of the older High 
Spans, especially relative to the performance of the younger High Spans on the one hand, and the 
younger Low Spans on the other hand. Indeed, it remained unclear whether older High Spans could 
engage strategies comparable to those attributed to the younger High Spans or whether they would 
demonstrate a pattern of behavior comparable to that of the younger Low Spans. Ultimately, the 
predictions considered the demand of each task, both in terms of requirement in attentional control 
and the requirement in terms of processing speed. The theoretical hypotheses formulated for each of 





















































































Figure 31. Performance in the Paper and Pencil Test by Task, Age group, Condition and Span level: 
Graphical representation of the theoretical hypotheses 
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CONTINUOUS MONITORING TASK 








































Figure 32. Performance in the Continuous Monotoring by Task Age group, Condition and Span level: 











































Figure 33. Performance in the Digit Span task by Age group, Condition and Span level: Graphical 











































Figure 34. Performance in the Corsi Blocks task by Age group, Condition and Span level: Graphical 
representation of the theoretical hypotheses 
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Figure 35. Performance in the Naming task of the Color Stroop Test by Age group, Condition and 








RESULTS OF THE EXPERIMENT 
 
 
The results of the experiment conducted to assess age and individual differences in working memory 
are presented in this chapter, which is organized the following way: The first section describes the 
statistical designs used for the analyses (section VI.1.), followed by a section describing the selection 
of the study population (section VI.2.). The subsequent sections are dedicated to the report of the 
results, with those relative to the dual tasks (section VI.3.1.), the short-term memory tasks (section 
VI.3.2.), the long-term memory tasks (section VI.3.3.), and the tasks assessing processing speed 
(section VI.3.4.) and inhibition (section VI.3.5.). The chapter closes with a general summary of the 
findings (section VI.4). 
 
 
VI.1. DESIGN OF THE ANALYSES 
Most of the tasks used in the present experiment embedded different experimental conditions varying 
in their demand in cognitive resources. For these tasks (i.e. Paper and Pencil Test, the CMT, the Digit 
Span, the Corsi Blocks and the Color Stroop Test), analyses were conducted using a 3-way mixed 
design ANOVA, with Age group (Younger, Older) and Span level (High, Low) as between subject 
factors and Condition (Higher demand, Lower demand) as a within-subject repeated measure. Given 
the experimental manipulations of the task demand, significant main effects of Condition were 
expected. In addition, Age group and Span level were expected to interact with the Condition. Indeed, 
on the one hand, it was predicted that older adults would be more hampered by the increase in task 
demand than younger adults. On the other hand, in the younger age group, High and Low Span 
individuals were expected to demonstrate differential performances associated with lesser and more 
demanding task conditions. The predictions made in regards of the older age group were less clear-
cut, but differential performance associated with the Span Level were also expected. Hence, in 




age group was performed43. Finally, the Age*Span*Condition interaction was of special interest 
because predictions were made that both individual and age differences in working memory capacity 
impact on differential performances accounted for by the increase in task demand. In other words, we 
expected that among the groups considered, the older Low Span individuals would to be the most 
hampered by the increase in task demand because they “cumulate” the sources of reduction in 
working memory capacity. 
To specifically assess the comparison between the younger Low Span group and the older High Span 
one, all analyses were also performed using 2-way mixed design ANOVA with Group (younger High, 
younger Low, older High, older Low) as a between subject factor and Condition (Higher demand, 
Lower demand) as repeated measure. Contrary to the general 2 × 2 × 2 mixed model mentioned 
above, the operationalization of the experimental groups into a single factor allowed to test for the 
specific main effect of Group (younger Low, older High) and for the Group (younger Low, older High) * 
Condition interaction (Higher demand, Lower demand) by means of a priori contrasts.  
For the remaining tasks, that is the ones for which the dependant variables of interest held a single 
modality (i.e. Delayed Free Recall, Source Memory, Recognition and Processing Speed), a 2-way 
ANOVA, with Age group (Younger, Older) and Span level (High, Low) as between subject factors was 
performed. In most of the cases, significant Age effects and significant Age*Span interactions were 
expected. A one-way ANOVA, with Group (younger High, younger Low, older High, older Low) as a 
between subject factor was additionally conducted to specifically assess the Group differences 
between younger Low Span individuals and older High Span ones. This comparison was conducted 
by means of a priori contrasts. 
 
 
VI.2. SELECTION OF THE STUDY POPULATION 
The selection of the study population was done on the basis of individual performances on a 
composite score of working memory. This score was computed using the mean number of words 
correctly recalled in the Reading Span task and the mean number of word/position associations 
correctly recalled in the Matrices Double Verbal task. Before describing the method applied to select 
the individuals retained for the analyses, the findings from analyses conducted on the working memory 
tasks will be provided. These analyses were performed to evaluate the construct validity of the tasks 
and the age effect over performance. As a reminder, general predictions were threefold. First, it was 
expected that for all individuals, performance should decrease when the difficulty of the task 
increases. Second, age differences in performance were expected to increase as a function of the 
task demand: the larger the demand, the larger the age differences. Third, it was expected that the 
two scores retained to assess working memory capacity would correlate . 
 
 
                                                 
43 This assessment was conducted only if the both the Span*Condition and the Age*Span*Condition interaction were at least 




The two foremost predictions were assessed by means of analyses of variance using Age and Task 
Demand as independent variables, the latter being operationalized either as a Levels of difficulty or as 
a Condition factor. These analyses were conducted on each of the tasks separately. The second 
prediction was further assessed by means of regressions to evaluate the proportion of variance in 
working memory performance that was accounted for by Age. Finally, and this concerns the third 
prediction, correlation and partial correlations controlled for age were conducted on the scores meant 
to reflect working memory capacity. The findings from the univariate and multivariate analyses are 
briefly summarized in sections VI.2.1 and VI.2.2, respectively. The detailed results are reported in 
Appendix A1, section A1.2. 
 
 
VI.2.1. UNIVARIATE ANALYSES OF THE WORKING MEMORY TASKS 
VI.2.1.1. READING SPAN 
As concerns the Reading Span, the findings brought large evidence that the task provided a measure 
of working memory capacity that was reliable and sensitive to individual differences in the amount of 
cognitive resources available.  
 
First, reliability analyses using the split-half method demonstrated satisfactory Spearman-Brown 
indices for the semantic judgment time, the mean number of words correctly recalled and the number 
of correct items (see Table A.12, in Appendix A1). These indices were 0.96, 0.89 and 0.86, 
respectively, for the total popualtion. When computed on the younger sample, the corresponding 
values were 0.98, 0.77 and 0.68. In the older sample, they were of 0.97, 0.90 and 0.89.  
 
Second, the examination of the proportion of correct responses by item demonstrated that participants 
were actually doing sentence processing while actively maintaining the words. Indeed, the values 
reported when considering only the responses to the semantic content of the sentences remained 
almost at ceiling irrespective of the item difficulty. To the contrary, the proportion of correct responses 
considering word recall decreased as a function of the increase in difficulty (see Table A.13 in 
Appendix A1).  
 
Third, the analyses examining the effect of the Task demand revealed that performance decreased as 
the cognitive demand increased. Indeed, a significant main effect of Level of difficulty was found for 
the number of correct items, the proportion of words correctly recalled and the semantic judgment time 
in the Reading Span task (see Appendix A1, sections A1.2.1.2.1, A1.2.1.2.2 and A1.2.1.2.3, 
respectively). In addition, when comparing performance in single and dual conditions, a significant 
effect of Condition was reported for the mean number of words correctly recalled and for the semantic 





Fourth, the findings revealed that older adults demonstrated overall lower performance than younger 
ones. Significant main effects of Age were reported on the number of correct items, the proportion of 
words correctly recalled and the semantic judgment time when considering the Reading Span itself 
(see Appendix A1, sections A1.2.1.2.1, A1.2.1.2.2 and A1.2.1.2.3, respectively). Significant Age 
effects were also reported when considering single and dual conditions, both on the mean number of 
words correctly recalled and on the semantic judgment time (see Appendix A1, sections A1.2.1.3.1 
and A1.2.1.3.2, respectively). Lastly, regression analyses revealed that on the raw dual task 
performance, Age accounted for a significant amount of variance (about 25%, see Table A.28, in 
Appendix A1, section A1.2.1.4).  
 
Finally, the findings demonstrated that in the Reading Span task, older adults were more hampered 
than the younger by the increase in item complexity. Indeed, a significant Age*Level of difficulty was 
reported for the number of correct items and the proportion of words correctly recalled (see Appendix 
A1, sections A1.2.1.2.1 and A1.2.1.2.2, respectively): In regards of the semantic judgment time, 
however, the Age*Level interaction was not significant (see Appendix A1, section A1.2.1.2.3). This 
suggested that, although the older adults were slower than younger ones to judge the semantic 
content of sentence, the age difference did not vary as a function of the item difficulty. A similar pattern 
of results was obtained when considering performance in single and dual conditions. Indeed, on the 
one hand, the Age*Condition interaction did not reach the significance threshold of p<.05, either for 
the mean number of words correctly recalled, or for the semantic judgment time (see Appendix A1, 
sections A1.2.1.3.1 and A1.2.1.3.2, respectively). On the other hand, the results of the regression 
analyses demonstrated that when dual-task performance was weighted by the performance in single 
condition, the amount of variance explained by Age droped considerably and at best, accounted for 




As for the Reading Span, the results of the analyses conducted on the Matrices task supported the 
use of this task to appraise working memory capacity.  
 
First, the overall performance of all participants decreased as the difficulty increased. This was 
supported by a significant main effect of Condition on the proportion of elements correctly recalled 
(see Appendix A1, section A1.2.2.1.1), revealing that in dual condition, as compared to the single, a 
smaller proportion of elements was correctly recalled. Note however, that although the results 
suggested that words and positions were evenly affected by the dual task situation, planned 
comparisons revealed that it was the case only in the younger group. Indeed, older adults showed a 
larger decrease for positions than for words associated with the dual task.  
                                                 
44 As concerns the Matrices task, fewer analyses than for the Reading Span could be performed. This was due the fact that the 
administration procedure was adaptive which lead to different item sequences across participants. Hence, reliability and item 






Second, the older adults demonstrated performances than were significantly lower than those of 
younger adults. This was supported by a significant main effect of Age on the proportion of elements 
correclty recalled (see Appendix A1, section A1.2.2.1.1). It was also supported by the results from the 
regression analyses showing that Age accounted for a significant part of variance in the dual task 
performance (20% for words and 8% for positions, see to Appendix A1., section A1.2.2.3). Lastly, 
significant age difference were reported in the mean number of correct word/position association 
recalled in Matrices Double Verbal (see Appendix A1., section A1.2.2.2). 
 
Finally, and contrary to the predictions, the results did not support the fact that older adults were more 
hampered than younger ones as the difficulty increased. Indeed, the results of the analysis of variance 
conducted on the proportion of elements correctly recalled revealed that the Age*Condition interaction 
did not reach the significance threshold of p<.05 (see Appendix A1, section A1.2.2.1.1). Moreover, 
planned comparisons demonstrated that this results held both for words and positions. These findings 
were mirrored by the results obtained using regressions analyses assessing the amount of age-related 
variance in cognitive cost scores. Indeed, when dual-task performance was weighted by the 
performance in single condition, the age-related variance was, in all but one case, no longer significant 
(see Appendix A1., section A1.2.2.3).  
 
To conclude, it should be noted that the number of errors was rather small in all groups, hence 
preventing inferential statistics to be conducted on this variable. Nonetheless, at a descriptive level, it 
is worth mentioning that the number of intrusions appeared larger for positions than for words, and 
larger in single than in dual condition (see Appendix A1, section A1.2.2.1.2).  
 
 
VI.2.2. CORRELATIONAL ANALYSES 
Two scores were retained to reflect working memory capacity: the mean number of words correctly 
recalled in the Reading Span and the mean number of word/position associations correctly recalled in 
the Matrices Double Verbal task. To assess convergent construct validitiy, correlational analyses were 
performed on these scores by means of correlations and partial correlations controlled for age. Real 
age was used.  
The results are provided in Table 3 and graphically displayed in Figure 36. They revealed that the 
correlation between the two working memory scores was significant when considering the entire 
population. In addition, the correlation remained significant when, on the one hand, age was partialed 
out from the statistics conducted on the entire population, and when, on the other hand, the analyses 
were conducted on each age group separately. Together, these results suggested that the correlation 
between the two working memory scores was, at least to a large extent, age-independent and 





Table 3. Correlations and partial correlations controlled 
for age between the two measures of working memory 
 Age RS words MAT assoc 
Complete population    
 RS words -0.499** 1 0.332** 
 MAT assoc -0.347** 0.443** 1 
Younger only    
 RS words -0.002 1 0.378** 
 MAT assoc -0.028 0.378** 1 
Older only    
 RS words -0.221* 1 0.311** 
 MAT assoc -0.085 0.321** 1 
 
Note. ** p<.01 (2-tailed); * p<.05 (2-tailed).  Correlations presented in gray cells 
are controlled for age. 
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Figure 36. Scatter plots of the working memory scores for the raw data (left panel) and the residuals 
controlled for age (right panel) 
 
 
As a whole, the findings from the analyses conducted on the Reading Span and the Matrices Double 
Verbal supported the use of the tasks to assess the same underlying construct theoretically defined as 
working memory capacity.  
 
Indeed, the results of the univariate analyses first supported the hypothesis according to which these 
were fairly complex dual tasks. Indeed, results demonstrated that in both tasks, performance was 
reduced in dual situation as compared to the single ones. In the Reading Span, the time needed to 
respond to the semantic content of the sentences was significantly lengthened when combined with 
word rehearsal, as compared to conditions where the judgment task was done alone. The same 
pattern was observed for the performance in word recall for which recall was better performed alone 




higher when the words were presented – and processed – alone than when both words and their 
corresponding location in the grid needed to be retrieved. The corresponding pattern was also found in 
regards of positions which were better recalled in Matrices Position task than when combined to 
words.  
 
Additionally, Age effect were reported on all scores investigated, supporting the hypothesis of an age-
related decline in processing resources. However, contrary to the predictions, the age differences in 
performance were not significantly larger in dual conditions than in single ones. Yet, bearing in mind 
that the main purpose of these analyse was the assessment of construct validity, we considered that 
the latter lines of findings did not constitute an argument strong enough to prevent the use of the 
Reading Span and Matrices tasks to assess working memory capacity.  
 
Finally, the results of the correlational analyses provided support for construct validity of the measures 
of interest. Indeed, the correlation between the two scores were significant, both with and without 
controlling for age, supporting the fact that, as expected, the two scores measured the same 
underlying construct..  
 
 
VI.2.3. IDENTIFICATION OF THE HIGH AND LOW PERFORMERS 
The mean number of words correctly recalled in the Reading Span task and the mean number of 
word/position association correctly recalled in the Matrice Double Verbal task (see Table A.39 for 
large-scale comparative results for the Reading Span score) were used to compute a composite score 
of working memory used to identify and select the High and Low working memory performers. The 
composite score was computed as follows: first the raw measures were standardized using the mean 
and standard deviation of the total population. The working memory score was subsequently 
computed by averaging the two z-scores for each individual and High and Low performers were 
identified, within each age group, by splitting the WM-score distibution in terciles45. Individuals from 
the upper tertile of the distribution were defined as the High Span group. Individuals in the lower tercile 
of the distribution were defined as the Low Span group. Individuals from the center portion of the 
distribution were subsequently discarded. The observed cut-off scores for the younger group were 
0.12 for the lower part of the distribution and 0.68 for the upper part. The correspondign cut-off values 
for the older sample were -0.14 for the upper part of the distribution and -0.73 for the lower part of the 
distribution. The descriptive statistics for the WM-score, by Age group and by Span level are displayed 
in Table 4, and Figure 38 provides the histograms of frequencies for the younger adults (panel A) and 
the older adults (panel B), respectively.  
 
                                                 
45 Three selection methods were initally tested: a) population-based ranking on the working memory score b) population-based 
ranking on each of the two working memory variables, further averaged to provide a mean rank by individual and c) averaged 
ranking, based on ranks computed for the two age groups separately. All methods lead to quite similar, although not completely 




Table 4. Composite working memory score (z-score), by group, for the complete population and 
the high and low span individuals: Descriptive statistics 
  95% C.I. 
  
N MD M 
lower upper 
sd min max skew kurt 
Younger 
 Younger - High 25 1.12 1.17 0.99 1.34 0.42 0.68 2.06 0.760 -0.377 
 Younger - Low 25 -0.28 -0.27 -0.39 -0.15 0.30 -0.93 0.12 -0.512 -0.115 
 Younger - Total 75 0.47 0.46 0.30 0.61 0.67 -0.94 2.06 0.194 -0.271 
Older 
 Older - High 31 0.33 0.50 0.31 0.70 0.53 -0.14 1.84 0.948 0.168 
 Older - Low 31 -0.99 -1.17 -1.34 -1.01 0.46 -2.59 -0.73 -1.513 2.094 
 Older - Total 93 -0.45 -0.37 0.30 0.61 0.80 -2.59 1.84 0.218 0.624 















































Figure 37. Composite working memory score, by Age group, for the total population (left panel) 
and by Span level (right panel)46 
 
 
From the entries in Table 4, the box plot presented in the left panel of Figure 37 and the histograms 
reported in Figure 38, it can be seen that there was a large overlap between the WM-score observed 
in the younger and in the older age group. The upper tail of the older adults’ distribution does indeed 
largely overlie the lower tail of the younger adults’ distribution. This becomes even clearer when only 
the scores of the High and Low Span individuals are represented, as in the right panel of Figure 37. 
Looking at the entries in Table 4, it seems rather clear that younger High Spans demonstrate a higher 
working memory score not only than younger Low Spans (which is obvious given the method applied 
to select the individuals), but also than both older High and Low Spans. Indeed, all groups fall aside of 
                                                                                                                                                        
selected with each of the 3 methods). Differences concerned the selection of individuals with scores close to the center part of 
the distribution. 
46 Note. The box and whisker plots represent the median, the interquartile range, the extreme values (i.e. outside the range 
delimited by the whiskers) and outliers (i.e. values that exceed the quartiles by more than 3 times the inter-quartile range). Any 
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Older - High / Lowcut-off = -0.14cut-off = -0.73
B
the 95% confidence interval around the younger High Spans’ mean. Also based on the confidence 
interval, older Low Span individuals seem to distinguish from all three other groups of participants by 
their particularly low working memory capacity. Finally, it can be pointed out that confidence intervals 
around the means of younger Low Spans, on the one hand, and older High Spans on the other hand, 
do not overlap, with an average score in favor of the latter group of participants. It appears then, that 
although the older High Spans are older, they demonstrate a working memory capacity larger than the 




Figure 38. Histograms of frequencies for the composite memory score for the high and low 









VI.2.4. CHARACTERISTICS OF THE STUDY POPULATION 
The descriptive statistics performed on the demographic variables for the study population are 
provided in Table 5, by Age group and Span level. Independent samples t-tests were conducted within 
each age group.  
 
Table 5. Demographic variables by Age group and Span level: Descriptive statistics 
  95% C.I. 
  
N MD M 
lower upper 
sd min max skew kurt 
Younger – High Span 
 Age 25 22.00 23.16 21.67 24.65 3.60 19.00 35.00 1.935 4.349 
 Years of education 25 15.00 15.64 15.02 16.26 1.50 13.00 19.00 0.679 0.330 
 Mill Hill – Part B 25 38.00 34.60 31.58 37.62 7.32 10.00 42.00 -1.816 4.033 
 Health index 22 1.88 1.77 1.63 1.91 0.32 1.25 2.50 0.122 -0.386 
 Visual acuity 25 6.00 6.00 0.00 0.00 0.00 6 6 - - 
Younger – Low Span 
 Age 25 22.00 22.92 21.83 24.01 2.63 20.00 32.00 1.860 4.968 
 Years of education 25 15.00 14.64 14.12 15.16 1.25 12.00 17.00 -0.345 -0.527 
 Mill Hill – Part B 25 31.00 31.56 28.79 34.33 6.71 16.00 41.00 -0.678 -0.329 
 Health index 19 1.75 1.84 1.63 2.06 0.44 1.25 3.00 1.183 1.269 
 Visual acuity 25 6.00 6.00 0.00 0.00 0.00 6 6 - - 
Older  – High Span 
 Age 31 71.00 70.71 68.99 72.43 4.70 62.00 81.00 0.175 -0.347 
 Years of education 31 13.00 14.10 12.70 15.50 3.82 6.00 22.00 0.125 -0.458 
 Mill Hill – Part B 31 41.00 40.10 39.05 41.14 2.86 30.00 43.00 -2.059 5.016 
 Health index 31 2.00 2.10 1.91 2.30 0.54 1.50 3.75 1.150 1.383 
 Visual acuity 31 6.00 5.90 5.79 6.01 0.30 5.00 6.00 -2.868 6.654 
Older  – Low Span 
 Age 31 71.00 73.00 69.47 76.53 9.61 56.00 90.00 0.175 -0.822 
 Years of education 31 13.00 13.13 11.95 14.30 3.20 6.00 20.00 0.064 0.078 
 Mill Hill – Part B 30 37.50 36.27 33.94 38.59 6.23 18.00 44.00 -1.407 1.657 
 Health index 30 2.13 2.26 1.97 2.55 0.78 1.25 4.50 1.193 1.401 
 Visual acuity 30 6.00 5.47 5.23 5.70 0.63 4.00 6.00 -0.758 -0.321 
Note. MD = median; M = mean; sErrM = Standard error of mean; 95% CI = 95% confidence interval for mean, with lower and upper bounds; 
skew = Skewness; kurt = Kurtosis. Health index = Mean score on a health self rating scale with four 5-points subscales (1=excellent, 
5=poor) ; Visual acuity = Score in the visual acuity test of the GFT (Perrig et al., 1994). 
 
 
Results revealed that there were no significant age differences between High and Low Span 
individuals, neither in the younger population, t(48)=-.789, p=.268, nor in the older, t(43.56)=-1.192, 
p=.240 (equal variance not assumed). Furthermore, there were no significant differences between 
High and Low Span individuals in regards to the number of years of education, in the older population, 
t(60)=1.082, p=.284. t-test results revealed, however, that the corresponding difference in the younger 




concerns the global health status, again, no sgnificant differences were observed, neither in the 
younger population t(39)=-0.583, p=.564, nor in the older, t(59)=-0.898, p=.373. Finally, a significant 
difference was obtained for the vocabulary score, in the older population, in favor of the High Span 
individuals, t(40.38)=3.069, p=.004 (equal variance not assumed). The corresponding analysis 
conducted on the younger population revealed non significant differences between High and Low 
Span individuals, t(48)=1.530, p=.133. The overall pattern of results was satisfyactory because in both 
age groups, and to the exception of vocabulary performance in the older sample and the level of 
education in the younger one, it ensured that High and Low Span individuals were fairly comparable 





VI.3.1. DUAL TASKS 
In this section, the results concerning the dual tasks will be detailed. The results regarding the Paper 
and Pencil task will be reported first, followed by the results regarding the Continuous Monitoring 
Task.  
 
VI.3.1.1. PAPER AND PENCIL TEST 
The analyses conducted for the Paper and Pencil task were performed on the proportion of lists 
correctly recalled, the number of crosses drawn and on the cognitive cost scores. The results are 
presented next, in this respective order. 
 
VI.3.1.1.1. PROPORTION OF LISTS CORRECTLY RECALLED 
The proportion of lists correctly recalled was proposed by Baddeley and colleagues (Baddeley, Della 
Salla, Gray et al., 1997) and computed as the total number of lists correctly recalled over the total 
number of lists presented. For information purpose, the descriptive statistics for the list length by Age 
group and Span level are presented in Table 6. 
 
Table 6. List length: Descriptive statistics by Age group 
and Span level 
  N M Sd Min Max 
 Younger - High 25 6.16 1.03 4.00 8.00 
 Younger - Low 25 4.92 1.00 3.00 7.00 
 Older - High 31 5.29 1.32 3.00 8.00 






In can be seen from the entries in Table 6 that the High Span individuals received longer lists than 
Low Span individuals, reflecting that indeed, their performance in digit recall was higher than that of 
the Low Span. An ANOVA Age (Younger, Older) * Span (High, Low) with Age group and Span level as 
between group factors was conducted on this variable. The results revealed a significant main effect of 
Age, F(1,108)=13.747, p<.001, MSE=1.181, ηp2=0.113, indicating that Younger adults were 
administered significantly longer lists than the Older adults. Additionally, the results revealed a main 
effect of Span, F(1,108)=30.258, p<.001, MSE=1.181, ηp2=0.219, showing that High Span individuals 
were administered longer lists than the Low Span ones. The Age*Span interaction was not significant, 
F(1,108)=0.253, p=.616, MSE=0.299, ηp2=0.002 .  
 
The number of lists administered and the number of lists correctly recalled by Condition, Age group 
and Span level are briefly presented in Table 7. Additionally, the number of digits administered and 
correctly recalled by Age group, Span level and Condition are displayed in Table 8. These entries 
provide additional information on the number of elements recalled, regardless of the list length. From 
the entries of Table 7 and Table 8 it is clear that the performance of participants was quite high. 
Indeed, the number of lists (digits) correctly recalled was very similar to the number of lists (digits) 
administered. Moreover, whereas the list length differed considerably between High span individuals 
and Low span individuals, the number of lists (digits) correctly recalled was similar both across 
individuals with different span levels and across each of the age group. 
 
 
Table 7. Number of lists administered and correctly recalled by Condition: Descriptive statistics by 
Age group and Span level 
   Single Condition Dual condition 
   Administered Recalled Administered  Recalled 
 N  M sd M sd M sd  M sd 
Younger - High 25  9.48 2.04 8.08 2.77 9.64 2.31  8.16 3.01 
Younger - Low 25  12.64 3.58 11.36 4.64 12.76 3.76  11.04 4.81 
Older - High 31  11.39 3.90 10.39 4.66 11.19 3.95  9.42 5.05 
Older - Low 31  13.68 4.89 12.55 6.02 13.19 4.33  11.29 5.85 
 
Table 8. Number of digits administered and correctly recalled by Condition: Descriptive statistics 
by Age group and Span level 
   Single Condition Dual condition 
   Administered Recalled Administered  Recalled 
 N  M sd M sd M sd  M sd 
Younger - High 25  56.60 5.43 56.04 5.98 56.44 8.52  56.44 8.52 
Younger - Low 25  59.08 7.49 58.52 7.94 58.48 9.68  58.48 9.68 
Older - High 31  55.90 8.15 55.19 8.97 53.87 9.44  53.87 9.44 






Table 9 and Figure 39 report the proportion of lists correctly recalled by Condition, Age group and 
Span level. The data again reflect the fact that all individuals had a quite high performance in both 
conditions, even though the proportion of lists correctly recalled appeared slightly lower in dual 
condition relative to the single condition.  
 
 
Table 9. Proportion of lists correctly recalled in the paper and Pencil Test, by 
Age group, Span level and Condition: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Single Condition 
 Younger - High 25 0.89 0.84 0.16 0.38 1.00 -1.166 1.220 
 Younger - Low 25 0.95 0.87 0.19 0.29 1.00 -1.649 2.362 
 Older - High 31 1.00 0.88 0.16 0.50 1.00 -1.153 0.100 
 Older - Low 31 1.00 0.87 0.20 0.38 1.00 -1.440 0.582 
Dual Condition 
 Younger - High 25 0.89 0.83 0.18 0.38 1.00 -0.878 0.155 
 Younger - Low 25 0.91 0.83 0.19 0.36 1.00 -1.421 0.794 
 Older - High 31 0.88 0.80 0.22 0.33 1.00 -0.888 -0.726 
 Older - Low 31 0.92 0.81 0.25 0.13 1.00 -1.610 1.608 















































Figure 39. Proportion of lists correctly recalled by Condition, Age 
group and Span level in the Paper and Pencil Test 
 
 
The results of the 3-way mixed design ANOVA, provided in Table 10, showed that only the Condition 
main effect was significant, reflecting the fact that generally, performance was lower in dual (.816 ± 




effect size was relatively small (ηp2=0.090). The main effects of Age and Span level were not 
significant, and neither were the interactions, except the Age*Condition interaction that was marginally 
significant. Thus, the latter was tested by means of planned comparisons to assess the main effect of 
Condition by Age group and the main effect of Age group by Condition. The results indicated that for 
the younger adults, the effect of Condition was not significant, F(1,108)=0.950, p=.332, suggesting 
that performance remained stable, irrespective of the condition. For the older adults, however, results 
demonstrated that performance was significantly reduced in the dual condition, relative to the single, 
F(1,108)=14.421, p<.001. However, Age differences were not significant, either in single, 
F(1,108)=0.497, p=.482, or in dual condition, F(1,108)=0.556, p=.457.  
 
Table 10. Proportion of lists correctly recalled in the paper and Pencil Test, by Age group, Span level 
and Condition: Analysis of variance 1 






Error F p 
partial 
η2 
Age 1 156.607 108 0.066 0.010 0.921 0.000 
Span 1 0.003 108 0.066 0.042 0.838 0.000 
Condition 1 0.133 108 0.013 10.643 0.001 0.090 
Age * Span 1 0.005 108 0.066 0.076 0.783 0.001 
Age * Condition 1 0.041 108 0.013 3.284 0.073 0.030 
Condition * Span 1 0.000 108 0.013 0.008 0.929 0.000 
Age * Span * Cond. 1 0.009 108 0.013 0.687 0.409 0.006 
Note. 1 Results of Levene’s test of homogeneity of variance indicated that in the two experimental conditions, the variances observed in the 
samples were not significantly different with F(3,108)=0.573, p=.634 in Single condition and F(3,108)=1.050, p=.373 in Dual condition.  
 
 
The 2-way mixed design ANOVA revealed congruent results with a non significant effect of Goup 
F(3,108)=0.039, p=.990, MSE=0.06590, ηp2=0.001, a significant effect of Condition F(1,108)=10.643, 
p<.001, MSE=0.01251, ηp2=0.090, and a non significant Group*Condition interaction, F(3,108) =1.324, 
p=.270, MSE=0.01251, ηp2=0.035. The a priori contrast assessing the main effect of Group and the 
Group*Condition interaction specifically for the younger Low Span and the older High Span revealed 
that neither the main effect of Group, F(1,108)=0.047, p=.830, MSE=0.066, nor the interaction, 
F(1,108)=1.485, p=.225, MSE=0.086, were significant. 
 
 
VI.3.1.1.2. NUMBER OF ERRORS IN DIGIT RECALL 
Accuracy in performance was assessed by the number of errors in digit recall. As a reminder, this 
variable was computed, by condition and for each individual, as the total number of digits administered 
minus the total number of digits correctly recalled. The descriptive statistics for this score are provided 
in Table 11 and graphically displayed in Figure 40.  
 
From the entries in Table 11, it can be seen that the total number of errors was very small, for both 
age groups, and irrespective of the Span level and the Condition. Indeed, as denoted by the standard 




there was a clear ceiling effect in regards of the variable considered. As a consequence, no inferential 
statistics were conducted on these data. 
 
 
Table 11. Number of errors in digit recall in the paper and Pencil Test, by Age 
group, Span level and Condition: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Single Condition 
 Younger - High 25 0.00 0.56 0.96 0.00 3.00 1.653 1.690 
 Younger - Low 25 0.00 0.56 0.87 0.00 3.00 1.452 1.269 
 Older - High 31 0.00 0.39 0.76 0.00 3.00 2.109 4.143 
 Older - Low 31 0.00 0.65 0.95 0.00 3.00 1.296 0.587 
Dual Condition 
 Younger - High 25 0.00 0.76 1.09 0.00 3.00 1.148 -0.103 
 Younger - Low 25 1.00 1.12 1.59 0.00 7.00 2.358 7.077 
 Older - High 31 0.00 1.00 1.55 0.00 6.00 1.725 2.614 
 Older - Low 31 0.00 1.00 1.48 0.00 6.00 2.031 4.399 





























Figure 40. Number of errors in digit recall by Condition, Age group 
and Span level in the Paper and Pencil Test 
 
 
VI.3.1.1.3. NUMBER OF CROSSES 
Performance in the second task administered in the Paper and Pencil Test, the Box Crossing task, 
was assessed by the number of crosses produced. Table 12 reports the descriptive statistics for this 
variable by Condition, Age group and Span Level, also graphically displayed in Figure 41. From the 
entries in Table 12, it can be seen that the number of crosses was lower for the older adults than for 
the younger ones. Additionally, in the younger adult populations, High and Low Span individuals 




individuals appeared slightly lower than that of the High Span individuals. In addition, it can be seen 
from the data reported in Table 12 that the distributions were close to normal, as indexed by the low 
values associated with both skewness and kurtosis.  
 
Table 12. Number of crosses drawn in the paper and Pencil Test, by Age group, 
Span level and Condition: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Single Condition 
 Younger - High 25 193 193.08 26.61 128 252 -0.129 0.709 
 Younger - Low 25 194 189.00 22.70 138 235 -0.258 -0.001 
 Older - High 31 146 140.74 29.89 63 186 -0.727 0.033 
 Older - Low 31 128 126.84 34.21 63 189 -0.074 -0.897 
Dual Condition 
 Younger - High 25 179 182.76 25.42 125 230 -0.193 -0.374 
 Younger - Low 25 180 186.20 29.57 143 263 0.606 0.089 
 Older - High 31 130 129.90 25.58 68 183 -0.335 0.012 
 Older - Low 31 111 113.06 39.20 44 182 0.173 -0.837 




























Figure 41. Number of crosses drawn by Condition Ae group and 
San level in the Paper and Pencil Test:  
 
 
The 3-way mixed design ANOVA, reported in  Table 13, revealed a significant main effect of Age 
group, indicating that overall, older adults produced less crosses (127.64 ± 3.57; M ± SE) than 
younger adults (187.76 ± 3.98). Furthermore, the main effect of Condition was also significant, 
showing that performance was better in single condition (162.41 ± 2.76; M ± SE) than in dual (152.98 




The results of the 2-way mixed design ANOVA were similar revealing a significant effect of Group 
F(3,108)=43.728, p<.001, MSE=1581.21, ηp2=0.548, a significant effect of Condition F(1,108)=23.424, 
p<.001, MSE=210.30, ηp2=0.178, and a non significant Group*Condition interaction, F(3,108) =1.390, 
p=.250, MSE=210.30, ηp2=0.037. The a priori contrast assessing the main effect of Group and the 
Group*Condition interaction specifically for the younger Low Span and the older High Span revealed 
that the main effect of Group was significant, F(1,108)=47.839, p<.001, MSE=1581.21, but the 
interaction was not, F(1,108)=2.126, p=.148, MSE=210.32. 
 
Table 13. Number of crosses drawn in the paper and Pencil Test, by Age group, Span level and 
Condition: Analysis of variance 1,2 






Error F p 
partial 
η2 
Age 1 200102.98 108 1581.209 126.551 0.001 0.540 
Span 1 3407.322 108 1581.209 2.155 0.145 0.020 
Condition 1 4925.997 108 210.301 23.424 0.001 0.178 
Age * Span 1 3135.036 108 1581.209 1.983 0.162 0.018 
Age * Condition 1 456.997 108 210.301 2.173 0.143 0.020 
Condition * Span 1 72.718 108 210.301 0.346 0.558 0.003 
Age * Span * Cond. 1 378.218 108 210.301 1.798 0.183 0.016 
Note. 1 Results of Levene’s test of homogeneity of variance indicated that in the two experimental conditions, the variances observed in the 




















































Figure 42. Number of crosses by Age group, Condition and Span level in the Paper 







VI.3.1.1.4. DUAL TASK COST  
The analyses of the dual task cost were conducted on two indices of cognitive cost, a simple 
difference and a relative difference (or percentage loss). As a reminder, these cost scores were 
computed for the proportion of lists correctly recalled, for the total number of crosses, and for a 
composite score of performance, computed as the average of the standardized values of each of the 
aforementioned variables. Contrary to the design adopted for the Reading Span and the Matrices, the 
analyses were not conducted by means of regression, but by means of ANOVA with the Age group 
(Younger, Older) and the Span level (High, Low) as between-subjects factors. The descriptive 
statistics are reported in Table 14 and a summary of the ANOVA is presented in Table 15. 
 
As reported in Table 15, all ANOVAs lead to similar results, irrespective of the variable of concern 
(lists, crosses or composite score) and of the type of cost score (difference or relative difference). 
Indeed, in none of the cases did the main effect of Age proved signficant, suggesting that the cognitive 
cost associated with the dual task was similar for both the younger and the older adults. Additionally, 
in none of the cases did the main effect of Span reach significance, indicating that the cognitive cost 
did not significantly differ between High and Low Span individuals. None of the Age*Span interactions 
reached significance. Note finally that for all effects tested, and irrespective of the dependant variable 




Table 14. Cognitive cost scores in the Paper and Pencil Test, by Age group 
and Span level: Descriptive statistics 
   Lists  Crosses Composite 
 N M sd  M sd M sd 
Difference 
 Younger - High 25 0.01 0.15  10.32 14.05 -0.08 0.39 
 Younger - Low 25 0.04 0.13  2.80 21.75 -0.09 0.45 
 Older - High 31 0.09 0.17  10.84 21.79 0.09 0.55 
 Older - Low 31 0.07 0.18  13.77 22.43 0.05 0.51 
Relative difference 
 Younger - High 25 0.00 0.18  0.05 0.07 1.41 5.91 
 Younger - Low 25 0.02 0.21  0.01 0.11 0.66 2.27 
 Older - High 31 0.10 0.20  0.06 0.18 1.18 4.85 












































































































































































Table 15. Cognitive cost scores for the Paper and Pencil Test: Summary of the ANOVAs 






Error F p 
partial 
η2 
Lists - Difference        
Age 1 0.082 108 0.02502 3.284 0.073 0.030 
Span 1 0.000 108 0.02502 0.008 0.929 0.000 
Age* Span 1 0.017 108 0.02502 0.687 0.409 0.006 
Lists - Relative difference 
Age 1 0.176 108 0.04522 3.882 0.051 0.035 
Span 1 0.000 108 0.04522 0.001 0.979 0.000 
Age* Span 1 0.018 108 0.04522 0.394 0.531 0.004 
Cross - Difference        
Age 1 913.994 108 420.60234 2.173 0.143 0.020 
Span 1 145.436 108 420.60234 0.346 0.558 0.003 
Age* Span 1 756.436 108 420.60234 1.798 0.183 0.016 
Cross - Relative difference 
Age 1 0.074 108 0.02170 3.427 0.067 0.031 
Span 1 0.002 108 0.02170 0.095 0.758 0.001 
Age* Span 1 0.059 108 0.02170 2.731 0.101 0.025 
Composite - Difference        
Age 1 0.635 108 0.23312 2.726 0.102 0.025 
Span 1 0.016 108 0.23312 0.067 0.796 0.001 
Age* Span 1 0.006 108 0.23312 0.026 0.873 0.000 
Composite -Relative difference 
Age 1 9.103 108 17.25021 0.528 0.469 0.005 
Span 1 32.755 108 17.25021 1.899 0.171 0.017 




VI.3.1.1.5. SUMMARY OF THE FINDINGS FOR THE PAPER AND PENCIL TEST 
The results of the analyses conducted on the variables assessing performance in the Paper and 
Pencil Test revealed that, as expected, the dual condition was associated with an overall lowering in 
performance both concerning the proportion of lists correctly recalled, and the number of crosses 
produced. The absence of a significant main effect of Span Level, in addition to the absence of 
significant Span*Condition and Age*Span interactions, suggested that, overall, High and Low Span 
individuals did not demonstrate significantly different performances either as a function of the 
Condition or as a function of the Age group.  
 
Hence, contrary to the hypotheses, the younger High Span individuals did not demonstrate a specific 
decrease in performance associated with the dual task, as compared to the younger Low Span 
individuals, even though younger High Span individuals were provided with significantly longer lists 
than younger Low Span individuals. As concerns the number of crosses, the results indicated that 




the number of crosses drawn. The results from the analyses of the cognitive cost scores, once again 
did not reveal any significant Span effect, and either did they reveal a significant Age*Span interaction.  
 
In terms of age-related differences in performance, the results showed that for the digit recall, the main 
effect of Age was not significant, and either was the Age*Condition interaction. This result 
consequently suggested that the performance of older adults was not significantly different from that of 
younger adults. Moreover, and contrary to the hypothesis, the older adults, relative to the younger, did 
not demonstrate a specific cognitive cost associated with the coordination of digit recall and box 
crossing. These results were further supported by the findings of the cost score analyses for which no 
significant Age effects were reported. The results concerning the number of crosses revealed a 
significant main effect of Age, showing that overall, older adults produced less crosses than younger. 
The Age*Condition interaction, however, was not significant, thereby revealing that contrary to the 
hypothesis, the older adults did not demonstrate a specific age-related decrease in the dual task 
performance. This was further also supported by the findings reported for the analyses of the cost 
scores which showed no reliable age effects on dual task performance once performance in single 
task was controlled for.  
 
To briefly provide a concluding comment, the results reported in the Paper and Pencil test showed that 
the age-related differences reported in the dual task did affect only the box crossing. These 
differences could most probably be attributed to an overall age-related slowing affecting the motor 
speed component involved in the task over and beyond the difficulty of specifically recruiting 
attentional resources to complete the coordination between tasks.  
 
 
VI.3.1.2. CONTINUOUS MONITORING TASK 
Two variables were recorded during administration of Continuous Monitoring Task (CMT), the mean 
adjustment time by item (i.e. film) and the percent of successful adjustment by item. Reliability 
analyses and analyses of variance were conducted on these variables. Cognitive cost score were also 
analysed. 
 
VI.3.1.2.1. RELIABILITY ANALYSES 
Reliability analyses were conducted, by condition (single, dual) and type of stimuli (size, brightness) 
on the mean adjustment time and the percentage of successful accuracy measured for each of the 10 
corresponding films. The descriptive statistics by film, for each of the two variables, are graphically 
displayed in Figure 46 (adjustment time) and Figure 47 (adjustment accuracy). The corresponding 
data are reported in Appendix 1, in Table A.45 and Table A.46, respectively. The results suggested 
that, on the one hand, the mean percentage of successful accuracy remains relatively stable across 
items, and that, on the other hand, the mean adjustment time reaches a steady state quite rapidly 




that for the younger adults, individual differences in working memory capacity were not associated 
with different patterns of behavior, neither for the means, nor for the standard deviations. In the older 
population, however, Low Span individuals demonstrated longer adjustment time and larger standard 
deviations than High Span individuals. Finally, older adults demonstrated longer adjustment time 
overall, and larger standard deviations than younger adults. Results of the percentage of successful 
accuracy showed that, as expected, the average values remained more or less stable across the 10 
items, irrespective of the Age group, the Span level, the Condition, and the Type of stimulus. A quite 
similar pattern was observed for the standard deviations, although the results might suggest that 
variability was larger for the Low Span individuals of the older population, as compared to the other 
participants. 
 
Reliability analyses were conducted on these data and several reliability indices were computed. The 
detailed results are reported in Appendix 1, Table A.47. The alpha-coefficients computed across the 
10 films of each condition and for each type of stimulus are provided in Table 16. These coefficients 
were computed separately for each age group and span level, as well as for the entire population for 
both the mean adjustment time by film and the percentage of successful accuracy by film. 
 
Table 16. Alpha-coefficients of reliability for the CMT, by Age group, Span level, 
Condition and Type of stimulus for the adjustment time and the percent accuracy. 












Speed - Size Single 0.978 0.939 0.872 0.960 0.974 
Speed - Brightness Single 0.981 0.934 0.885 0.973 0.973 
Speed - Size Dual 0.981 0.937 0.939 0.975 0.973 
Speed - Brightness Dual 0.981 0.935 0.917 0.968 0.963 
Accuracy - Size Single 0.127 † † 0.130 0.267 
Accuracy - Brightness Single 0.721 † † † 0.903 
Accuracy - Size Dual 0.682 † † 0.394 0.823 
Accuracy - Brightness Dual 0.732 0.301 † 0.098 0.887 
Note. † The correlation between forms of the test was negative. Statistics were not reported. 
 
 
Results revealed that for the timed measures, the reliability was satisfactory, with coefficients ranging 
from 0.872 to 0.975 when computed by Age group and Span level. The coefficients computed on the 
entire population were all 0.98, irrespective of the type of stimulus and the condition. The pattern was 
clearly different in regards of the accuracy measures. Indeed, to the exception of some coefficients 
computed for the Low Span older individuals and for the entire population, the coefficients were quite 
small or even unreliable. However, provided the fact that the task was adaptive, and that the film 
change rate was adapted as a function of the percentage of successful accuracy, it was not surprising 
that reliability coefficients relative to the latter measure were low or even negative; there was indeed 































































































































































































































Younger - High Span Younger - Low Span Older - High Span Older - Low Span
 
Figure 46. Means and standard deviations for the change rate by Type of item, task Condition, Age 
















































































































































































































































Younger - High Span Younger - Low Span Older - High Span Older - Low Span
Figure 47. Means and standard deviations for the percent successful accuracy by Type of item, task 








VI.3.1.2.2. PERCENTAGE OF SUCCESSFUL ADJUSTMENT 
The analyses conducted on the percentage of successful adjustment were meant to assess whether 
or not the success threshold (i.e. 65%) was maintained across task conditions. The analyses were 
conducted on the mean percentage of successful adjustment computed as the averaged percentages  
recorded across the 10 films of each condition. The descriptive statistics by Condition, Type of item, 
Age group and Span level are provided in Table 17 and graphically displayed in Figure 48. From the 
entries in Table 17, it can be seen that, as expected, performance was close to 65% irrespective of the 
age group, span level, condition and type of stimulus. It should be pointed out, however, than some 
individuals demonstrated a fairly low accuracy, especially in the older Low Span group, for the 
brightness adjustment task in dual condition, thereby suggesting that some participants did not reach 
the steady state even after a series of 10 films (Figure 48). 
 
Table 17. Mean percentage of successful adjustment by Type of stimulus, 
Condition, Age group and Span level in the CMT: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Size – Single 
 Younger – High 24 65.99 66.09 1.05 64.11 68.69 0.404 0.260 
 Younger – Low  24 65.78 65.73 1.37 63.21 68.58 0.131 -0.119 
 Older – High  28 66.39 66.22 1.52 63.47 69.27 -0.024 -0.658 
 Older – Low  25 64.96 65.00 3.12 56.09 72.54 -0.487 2.527 
Size – Dual 
 Younger – High 24 64.65 64.12 1.95 58.63 66.80 -0.991 1.182 
 Younger – Low  24 65.24 65.22 1.82 60.90 69.13 -0.098 0.579 
 Older – High  28 64.65 64.93 1.85 61.72 68.89 0.611 0.122 
 Older – Low  25 64.54 62.76 7.64 36.54 70.82 -2.524 6.548 
Brightness – Single 
 Younger – High 24 65.38 65.19 1.63 61.13 68.19 -0.747 0.895 
 Younger – Low  24 64.85 64.88 1.27 62.28 66.71 -0.190 -1.080 
 Older – High  28 64.87 65.02 2.07 60.91 68.58 -0.352 -0.646 
 Older – Low  25 64.33 62.71 5.75 46.32 69.23 -2.008 3.651 
Brightness - Dual 
 Younger – High 24 62.94 61.84 3.16 54.88 65.93 -1.068 0.250 
 Younger – Low  24 63.62 63.71 2.12 59.95 67.83 0.272 -0.884 
 Older – High  28 62.97 62.69 2.62 56.19 67.61 -0.621 1.307 
 Older – Low  25 63.25 59.90 8.85 29.88 68.64 -2.324 5.607 










































































Figure 48. Mean percentage of successful adjustment by Type of item, Condition, Age group and 




VI.3.1.2.3. ADJUSTMENT TIME 
The second variable that was investigated was the mean rate at which the change occurred in each 
condition, also labelled here adjustement time. This score was computed as the averaged film change 
rates across the 10 films of each condition. Descriptive statistics by Type of stimulus, Condition, Age 































































Table 18. Mean adjustment time (in ms) by Type of stimulus, Condition, Age 
group and Span level in the CMT: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Size – Single 
 Younger – High 24 873 891 141 664 1181 0.286 -0.829 
 Younger – Low  24 865 874 95 680 1056 0.075 -0.601 
 Older – High  28 1103 1154 246 857 2166 2.549 9.792 
 Older – Low  25 1305 1492 643 670 3075 1.225 0.677 
Size – Dual 
 Younger – High 24 1213 1248 192 952 1576 0.024 -1.287 
 Younger – Low  24 1194 1226 215 855 1839 0.861 1.487 
 Older – High  28 1788 1848 541 1038 3377 0.961 0.943 
 Older – Low  25 1986 2263 977 1306 4718 1.416 1.301 
Brightness – Single 
 Younger – High 24 1242 1279 229 824 1926 0.783 1.669 
 Younger – Low  24 1300 1301 151 1032 1649 0.121 -0.019 
 Older – High  28 1714 1885 499 1282 3370 1.462 2.003 
 Older – Low  25 2126 2494 1069 1418 4772 0.994 -0.178 
Brightness - Dual 
 Younger – High 24 1922 1925 336 1333 2865 0.859 1.502 
 Younger – Low  24 1995 1991 284 1477 2668 0.513 0.621 
 Older – High  28 2847 2930 656 2072 4845 1.487 2.415 
 Older – Low  25 3363 3528 907 2161 5059 0.432 -1.038 
Note. MD = median; M = mean; skew = Skewness; kurt = Kurtosis. 
 
 
Inferential statistics were conducted on these data by means of ANOVA Age*Span*Condition*Type 
with Age group (Younger, Older) and Span level (High, Low) as between subjects factors and 
Condition (Single, Dual) and Type of stimulus (Size, Brightness) as repeated measures.  
 
The results, provided in Table 19, indicated that all main effects were significant. Furthermore, the 
Age*Span, Age*Type, Age*Condition and Condition*Type interactions were also significant. The 
significant main effect of Age supported the fact that younger adults could afford more rapid changes 
rates (1342 ± 70ms, M±SE) than older adults (2195 ± 67ms). The significant main effect of Span level 
demonstrated that overall, High Span individuals had faster adjustment times (1649 ± 68ms) than Low 
Span individuals (1896 ± 45ms), whereas the significant main effect of Condition revealed that 
presentation rates were slower in Dual condition (2115 ± 54ms) than in Single (1422 ± 45ms). Finally, 
the significant main effect of Type of stimulus reflected the fact that overall, adjustment time for 






Table 19. Frame change rate (in ms) by Type of item, Condition, Age group and Span level in the CMT: 
Analysis of variance 1 






Error F p 
partial 
η2 
Age 1 73137615.58 97 951859.59 76.837 0.001 0.442 
Span 1 6591848.12 97 951859.59 6.925 0.010 0.067 
Age * Span 1 5974759.19 97 951859.59 6.277 0.014 0.061 
Type 1 63363045.20 97 135971.51 466.002 0.001 0.828 
Age * Type 1 5286930.97 97 135971.51 38.883 0.001 0.286 
Span * Type 1 504757.61 97 135971.51 3.712 0.057 0.037 
Age * Span * Type 1 152799.57 97 135971.51 1.124 0.292 0.011 
Condition 1 48301588.96 97 48356.85 998.857 0.001 0.911 
Age * Condition 1 3328499.55 97 48356.85 68.832 0.001 0.415 
Span * Condition 1 34831.20 97 48356.85 0.720 0.398 0.007 
Age * Span * Condition 1 8258.63 97 48356.85 0.171 0.680 0.002 
Type * Condition 1 2476111.73 97 69237.36 35.763 0.001 0.269 
Age * Condition * Type 1 3.89 97 69237.36 0.000 0.994 0.000 
Span * Condition * Type 1 4428.86 97 69237.36 0.064 0.801 0.001 
Age * Span * Condition * Type 1 34712.50 97 69237.36 0.501 0.481 0.005 
Note. 1 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples were significantly different in each 
experimental condition with F(3,97)=19.244, p<.001 in Size Single, F(3,97)=15.390, p<.001 in Size Dual, F(3,97)=25.296, p<.001 in Brightness Single, 
and F(3,97)=12.683, p<.001 in Brightness Dual.  
 
 
As concerns the interactions, the Age*Span interaction was tested by means of post-hoc comparisons 
(Tukey HSD test). The results, displayed graphically in Figure 50 and reported in details in Appendix 
A1, Table A.48, revealed that whereas the overall adjustment time did not significantly differ across 
High and Low Span younger individuals, the older Low Span demonstrated significantly longer 
adjustment time than older High Spans. Furthermore, for both High and Low Spans individuals, older 































Figure 50. Mean adjustment time by Age group and Span level in the 





The Age*Type interaction was also further tested by means of post-hoc comparisons (Tukey HSD 
test). The results, reported graphically in Figure 51 (see also Appendix A1, Table A.49) demonstrate 
that for both younger and older adults, the adjustment time for size was smaller than for brightness. 
Additionally, for each type of stimulus, older adults were significantly slower than younger adults. 
Again, although the results did not bring enough information to determine the source of the interaction, 
it might nevertheless be suggested that the interaction was induced by the difference between the 

































Figure 51. Mean adjustment time by Age group and Type of stimulus in 
the CMT (means and standard errors) 
 
 
The Age*Condition interaction was also tested. Post-comparisons conducted by means of Tukey HSD 
tests (the results are detailed in Appendix A1, Table A.50) showed that both in single and in dual 
condition, older adults were significantly slower to adjust than younger adults. Additionally, in both age 
groups, the adjustment time was significantly longer in dual condition relative to the single condition. 
Although the results of the post-hoc comparisons did not bring the means to locate the source of the 
interaction, it may still be assumed that it was caused by age-related differences in adjustment time 
that were larger in dual condition than in single. Because specific hypotheses were made in regards of 
the Age*Condition interaction, planned comparisons were conducted to assess this interaction for 
each type of stimulus. The results, reported in Table 20, revealed that for both the size and the 



































Figure 52. Mean adjustment time by Age group and Condition in the 
CMT (means and standard errors) 
 
 
Table 20. Age*Condition interaction by Type of stimulus 
  Sum of squares df Mean square F p (corrected) 
Effect 1667851.8 1 1667851.8 24.066 0.0001 (.01) 
Size 
Error 6722488.7 97 69304.0   
Effect 1660651.6 1 1660651.6 34.389 0.00001 (.01) 
Brightness 
Error 4684149.9 97 48290.2   
Note. Threshold value (Bonferroni correction) for 2 comparisons : α=0.0250 for  p<.05 et α=0.0050 for p<.01 
 
 
The last significant interaction revealed by the ANOVA, that is, the Type*Condition interaction, was 
also tested by means of post-hoc comparisons. The results, graphically displayed in Figure 53 (and 
detailed in Appendix A1, Table A.51), revealed that, on the one hand, the adjustment time for 
brightness was significantly longer than the time to adjust size, and that, irrespective of the condition. 
Furthermore, for both types of stimuli, the results showed that the adjustment times were significantly 
longer in dual condition relative to the single. Again, the results of the post-hoc test did not provide the 
means to identify the source of interaction. However, the difference in adjustment time between size 
and brightness was larger in dual condition than in single. This difference might thus account for the 
interaction. 
 
Finally, planned comparisons were conducted to specifically assess the Span*Condition interaction for 
each age group for both types of stimuli aggregated (Table 21) and taken separately (Table 22 for 
Size and in Table 23 for Brightness). The results revealed that, irrespective of Age group, none of the 



































Figure 53. Mean adjustment time by Condition and Type of stimulus 
in the CMT (means and standard errors) 
 
 
Table 21. Span*Condition interaction by Age group 
  Sum of squares df Mean square F p (corrected) 
Effect 4374.86 1 4374.86 0.090 0.7642 (NS) 
Younger 
Error 4690614.77 97 48356.85   
Effect 40442.79 1 40442.79 0.836 0.3627 (NS) 
Older 
Error 4690614.77 97 48356.85   
Note. Threshold value (Bonferroni correction) for 6 comparisons : α=0.0083 for  p<.05 et α=0.0017 for p<.01 
 
Table 22. Span*Condition interaction for Size by Age group 
  Sum of squares df Mean square F p (corrected) 
Effect 137.5 1 137.5 0.002 0.9646 (NS) 
Younger 
Error 6722488.7 97 69304.0   
Effect 73861.6 1 73861.6 1.066 0.3045 (NS) 
Older 
Error 6722488.7 97 69304.0   
Note. Threshold value (Bonferroni correction) for 6 comparisons : α=0.0083 for  p<.05 et α=0.0017 for p<.01 
 
Table 23. Span*Condition interaction for Brightness by Age group 
  Sum of squares df Mean square F p (corrected) 
Effect 11081.1 1 11081.1 0.229 0.6330 (NS) 
Younger 
Error 4684149.9 97 48290.2   
Effect 159.5 1 159.5 0.003 0.9543 (NS) 
Older 
Error 4684149.9 97 48290.2   





To conclude this section, we report the results of the the 2 × 2 mixed design ANOVA. These were 
convergent with those obtained with the previous analyses. They revealed significant main effects of 
Group, F(3,97)=29.429, p<.001, MSE=237964.90, ηp2=.476, Condition, F(1,97)=998.86, p<.001, 
MSE=48356.9, ηp2=.911, and Type of stimulus, F(1,97)=466.00, p<.001, MSE=135971.5, ηp2=.828. In 
addition, results showed a significant Group*Condition interaction F(3,97)=23.091, p<.001, 
MSE=48356.9, ηp2=.417, a significant Group*Type interaction F(3,97)=14.312, p<.001, 
MSE=135971.5, ηp2=.307 and a significant Condition*Type interaction F(1,97)=35.763, p<.001, 
MSE=69237.4, ηp2=.269. The Group*Type*Condition interaction was not significant F(3,97)=0.195, 
p<.001, MSE=69237.4, ηp2=.0.006. 
 
Series of post-hoc planned comparisons were conducted to analyse these effects with respect to the 
younger Low Span and the older High Span groups. They are detailed in Appendix A1, from Table 
A.53 to Table A.61. As a whole, the results revealed a significant Group*Condition interaction, both for 
Size (p=.003) and for Brightness (p<.001). In both cases, the interaction showed that older High 
Spans were slower to adjust the stimulus than younger Low Spans, and that this effect was larger in 
dual condition than in single. Thus, although older High Spans have a larger working memory capacity 
than younger Low Spans, they were yet more hampered by the dual task. 
 
 
VI.3.1.2.4. DUAL TASK COST  
The last set of analyses conducted for the Continuous Monitoring Task concerned the dual task cost 
scores. As a reminder, these scores were an absolute difference and a relative difference.  Reliability 
analyses were first conducted on both these scores, using the split-half method. To conduct these 
analyses, each of the cost scores was computed using the mean adjustment times for the first and 
second halves of the items (the descriptive statistics and the reliability indices are detailed in Appendix 
A1, Table A.62 for size and in Table A.63 for brightness). As a whole, the results revealed that the 
cost indices showed satisfactory reliability with coefficients only slightly lower than those obtained for 
the raw response time measures (the exception of the coefficients relative to the younger High Span 
population).  
 
The descriptive statistics for the two cost indices are reported by Type of stimulus, Age group and 
Span level in Table 24 and graphically reported in Figure 54 to Figure 56. The entries in Table 24 
suggest that, concerning the difference score, the differences between single and dual conditions 
were larger for older adults than for younger. Concerning the relative difference, the data suggest the 
same pattern, for size and brightness, at least. For the composite score, however, the scores reported 
for the older adults were enormous, relative to those reported for the younger adults. Again, this is 
attributable to the fact that when individuals stood close to the mean (i.e. z=0) in single condition, the 





Table 24. Cognitive cost scores in the CMT, by Age group and Span level: 
Descriptive statistics 
   Size  Brightness Composite 
  
  
N M sd  M sd M sd 
Difference 
 Younger - High 24 356 118  647 178 -0.081 0.142 
 Younger - Low 24 352 177  690 238 -0.056 0.160 
 Older - High 28 665 373  1029 289 0.158 0.324 
 Older – Low 25 771 601  1034 459 0.016 0.496 
Relative difference 
 Younger - High 24 0.408 0.153  0.513 0.135 0.159 0.307 
 Younger - Low 24 0.402 0.201  0.537 0.191 0.125 0.348 
 Older – High 28 0.571 0.303  0.568 0.176 81.425 451.468 











































Figure 54. Cognitive cost scores for the size adjustment time in the CMT: Box and whisker plots with 







































Figure 55. Cognitive cost scores for the brightness adjustment time in the CMT: Box and whisker plots with 












































Note. Due to extremely large scores, two individuals were not reported on the box plot for the relative difference (one older High Span with a 
score of 2383 and one older Low Span with a score of -1508) 
Figure 56. Cognitive cost scores for composite performance in the CMT: Box and whisker plots with 
median, interquartile range, extreme values and outliers 
 
 
Inferential statistics were conducted for each of the cost scores by means of ANOVA Age*Span, with 
Age group (Younger, Older) and Span Level (High, Low) as between subject factors. The results are 
summarized in Table 25. They revealed that when the scores were computed with the mean 
adjustment times, similar patterns were observed, irrespective of the type of stimulus. Indeed, both for 
the size and the brightness, the main effect of Age was significant, whereas the main effect of Span 
and the Age*Span interaction did not reach the significance threshold of p<.05. In both cases, the 
main effect of Age revealed that the dual task cost was larger for older adults than for younger ones. 
Concerning Size, the same pattern of results was observed for the relative difference score. 
Regarding Brightness, however, the results of the ANOVA conducted on the relative difference 
indicated that none of the main effects did reach the significance threshold of p<.05. Additionally, the 
Age*Span interaction was not significant. Thus, for Brightness, the two different scores lead to 
different patterns of results, at least as far the main effect of Age was concerned. 
 
Finally, the results of the ANOVA conducted on the composite scores revealed that for the absolute 
difference, only the main effect of Age was significant. The main effect of Span and the Age*Span 
interaction did not reach the significance threshold. The main effect of Age revealed that, the cost 
score was higher for the older adults (0.083 ± 0.044, M±SE) than for the younger (-0.068 ± 0.045). 
Nevertheless, although the difference was significant, both populations had scores close to 0, 
reflecting that the gain or loss in dual condition relative to the single one was extremely small. Finally, 
concerning the relative difference scores, none of the main effects reached significance. The same 






Table 25. Cognitive cost scores for the Continuous Monitoring Task: Summary of the ANOVAs 






Error F p 
partial 
η2 
Size - Difference        
Age 1 3335703.66 97 138608.015 24.066 0.001 0.199 
Span 1 64100.56 97 138608.015 0.462 0.498 0.005 
Age* Span 1 76834.27 97 138608.015 0.554 0.458 0.006 
Size - Relative difference 
Age 1 0.6477 97 0.072 8.954 0.004 0.085 
Span 1 0.0015 97 0.072 0.020 0.888 0.000 
Age* Span 1 0.0001 97 0.072 0.001 0.974 0.000 
Brightness - Difference        
Age 1 3321303.2 97 96580.410 34.389 0.001 0.262 
Span 1 14419.6 97 96580.410 0.149 0.700 0.002 
Age* Span 1 9108.0 97 96580.410 0.094 0.759 0.001 
Brightness - Relative difference 
Age 1 0.0046 97 0.040 0.116 0.734 0.001 
Span 1 0.0077 97 0.040 0.192 0.662 0.002 
Age* Span 1 0.0434 97 0.040 1.093 0.299 0.011 
Composite – Difference* 
Age 1 0.5681 95 0.099 5.721 0.019 0.057 
Span 1 0.1370 95 0.099 1.379 0.243 0.014 
Age* Span 1 0.2480 95 0.099 2.497 0.117 0.026 
Composite -Relative difference* 
Age 1 104.5479 95 90.126 1.160 0.284 0.012 
Span 1 88.7018 95 90.126 0.984 0.324 0.010 
Age* Span 1 91.8887 95 90.126 1.020 0.315 0.011 
Note. * The ANOVAS conducted on the composite scores were performed by discarding the outliers (N=2) 




VI.3.1.2.5. SUMMARY OF THE FINDINGS FOR THE CONTINUOUS MONITORING TASK 
The results from the CMT analyses revealed that generally, older adults had lower performance than 
younger adults. Indeed, with overall comparable accuracy (as reflected by a non significant main effect 
of Age for the percentage of successful adjustment), the older adults could afford slower film change 
rates than could younger adults. Additionally, older adults were more hampered by the dual task than 
were the younger, as revealed both by the results of the ANOVAs conducted on the raw scores and 
those conducted on the cost scores computed for Size on the one hand, and for Brightness on the 
other. Furthermore, the age-related differences in the dual condition were not fully accounted for by 
the age-differences already observed in the single condition (as reflected by the significant main effect 
of Age for the relative difference scores). Thus, older individuals demonstrated a specific impairment in 
the coordination of the two dimensions required in the dual condition. Interestingly enough, this was 
found also when only older High Spans and younger Low Spans were considered. As concerns the 




times showed that High and Low Span younger individuals could afford comparable film change rates 
across each condition. To the contrary, in for the older adults, Low Span individuals were generally 
slower than High Span ones. They neverthelss did not demonstrate a specific dual-task cost above 
and beyond the differences already reported for the single condition. The overall pattern of results 
obtained by ANOVA on the mean response time was congruent with the pattern of results found for 
the cognitive cost score, that is no specific dual task impairment for individuals with high and low 
working memory capacities.  
 
 
VI.3.2. SHORT-TERM MEMORY TASKS 
Short-term memory was assessed by two tasks, the Digit Span and the Corsi Blocks, with the first 
evaluating the verbal abilities and the second evaluating the visuo-spatial abilities. The results 
corresponding to each of the two tasks are reported next.  
 
VI.3.2.1. DIGIT SPAN 
Performance for the Digit Span was assessed by the standard measure of Span, which corresponds in 
the present case to the higher digit string length at which 2/3 of the strings were correctly recalled. As 
a reminder, a correct recall corresponded to the exact recall of the digit series, either in the order of 
administration (Forwards condition) or in the exact inverted order (Backwards condition). 
Unfortunately, due to the intrinsic structure of the task, no reliability analyses could be performed on 
the measures collected for the Digit Span. Thus, the first analyses conducted for the Digit Span task 
were descriptive statistics. The results are reported in Table 26. 
 




N MD M sd min max skew kurt 
Forward Condition 
 Younger - High 23 7.00 7.13 1.14 5.00 9.00 -0.277 -0.688 
 Younger - Low 25 6.00 5.72 0.98 4.00 8.00 0.332 -0.062 
 Older - High 31 6.00 6.10 1.19 4.00 9.00 0.306 -0.212 
 Older - Low 31 5.00 4.77 1.33 2.00 7.00 -0.457 -0.101 
Backward Condition 
 Younger - High 23 6.00 5.96 1.61 3.00 9.00 0.435 -0.011 
 Younger - Low 25 5.00 5.44 1.39 3.00 8.00 0.135 -0.543 
 Older - High 31 5.00 5.23 1.50 3.00 8.00 0.412 -1.188 
 Older - Low 31 4.00 3.97 1.05 3.00 6.00 0.810 -0.487 






















Figure 57. Digit span by Age group, Span level and Condition in the Digit Span task 
 
 
Inferential statistics were conducted on these data by means of ANOVA Age*Span*Condition with Age 
group (Younger, Older) and Span level (High, Low) as between subject factors and Condition 
(Forwards, Backwards) as repeated measures. The results, provided in Table 27, revealed a 
significant main effect of Age, a significant main effect of Span and a significant main effect of 
Condition. None of the interactions reached the significance threshold. The main effect of Age 
revealed that overall, the digit span of older adults (5.02 ± 0.14, M±SE) was lower than that of younger 
adults (6.06 ± 0.16). The overall Span effects revealed that overall, individuals with poorer working 
memory capacity recalled shorter digit series (4.98 ± 0.14) than individuals with larger capacities (6.10 
± 0.15). Finally, the main effect of condition supported the fact that the digit span was larger in the 
forward condition (5.93 ± 0.11) than in the backward condition (5.15 ± 0.13). 
 
Table 27. Span in the Digit Span task, by Age group, Span level and Condition: Analysis of variance 1 






Error F p 
partial 
η2 
Age 1 6633.720 106 2.301 25.680 0.001 0.195 
Span 1 68.646 106 2.301 29.828 0.001 0.220 
Condition 1 33.127 106 1.013 32.716 0.001 0.236 
Age * Span 1 1.444 106 2.301 0.627 0.430 0.006 
Age * Condition 1 0.169 106 1.013 0.167 0.684 0.002 
Span * Condition 1 3.103 106 1.013 3.065 0.083 0.028 
Age * Span * Cond. 1 2.324 106 1.013 2.295 0.133 0.021 
Note. 1 Results of Levene’s test of homogeneity of variance indicated that in the two experimental conditions, the variances observed in the 








Table 28. Span*Condition interaction by Age group 
  Sum of squares df Mean square F p  
Effect 4.786 1 4.786 4.727 0.0319 
Younger 
Error 107.333 106 1.013   
Effect 0.032 1 0.032 0.032 0.8587 
Older 





Figure 58. Digit Span by Age group, Condition and Span level (means 
and standard errors) 
 
Given that the Span*Condition interaction was marginally significant, and because of a priori 
hypotheses, planned comparisons were conducted to specifically assess this particular interaction for 
each age group separately. The results, reported in Table 28 and graphically displayed in Figure 58, 
showed that in the older population, the interaction was not significant. In the younger population, 
however, the interaction was significant and was hence further tested by means of planned 
comparisons. The results demonstrated that for this age population, in the High Span group, the 
difference between the experimental conditions was significant F(1,106)=15.651, MSE=15.85, p<.001, 
hence demonstrating a decline of performance from the forward to the backward condition. This was 
not the case for the Low Span individuals whose performance was not significantly different in both 
experimental conditions F(1,106)=0.968, MSE=0.980, p=.328. In addition, results revealed that High 
Span performance significantly better than Low Span in the forward F(1,106)=17.093, MSE=23.83, 















































Finally, note that the 2 × 2 mixed design ANOVA lead to similar findings showing  a significant effect of 
Goup F(3,106)=18.939, p<.001, MSE=2.301, ηp2=0.349, a significant effect of Condition 
F(1,106)=32.716, p<.001, MSE=1.013, ηp2=0.236, and a non significant Group*Condition interaction, 
F(3,106)=1.662, p=.180, MSE=1.013, ηp2=0.045. The a priori contrast assessing the main effect of 
Group and the Group*Condition interaction specifically for the younger Low Span and the older High 
Span revealed that the main effect of Group was not significant , F(1,106)=0.080, p=.779, MSE=2.301, 




VI.3.2.2. CORSI BLOCKS 
As for the Digit Span, performance for the Corsi Blocks was assessed by the standard measure of 
Span. Similarly, the span was defined as the longer tapping  sequence at which 2/3 of the sequences 
were correctly pointed (or recalled). As a reminder, a correct recall corresponded to the exact pointing 
sequence, either in the order of administration (Forwards condition) or in the exact inverted order 
(Backwards condition). As for the Digit Span, no reliability analyses could be conducted for the Corsi 
Block. Descriptive analyses were conducted on the tapping span, by Condition, Age group, and Span 
level. The results are reported in Table 29). The results of the 3-way ANOVA, displayed in Table 30, 
revealed a significant main effect of Age, a significant main effect of Span and a significant main effect 
of Condition. None of the interactions reached the significance threshold of p<.05.  
 
Table 29. Span in the Corsi Blocks task, by Age group, Span level and 
Condition: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Forward Condition 
 Younger - High 23 6.00 6.30 0.93 5.00 9.00 0.822 1.930 
 Younger - Low 25 5.00 5.68 0.80 5.00 7.00 0.671 -1.083 
 Older - High 31 5.00 5.19 0.95 4.00 8.00 1.103 1.643 
 Older - Low 31 5.00 4.81 0.87 3.00 7.00 0.723 1.261 
Backward Condition 
 Younger - High 23 6.00 6.00 0.85 5.00 8.00 0.482 -0.295 
 Younger - Low 25 5.00 5.20 0.76 4.00 6.00 -0.366 -1.137 
 Older - High 31 5.00 5.03 1.08 3.00 8.00 0.612 0.511 
 Older - Low 31 4.00 4.55 0.72 4.00 6.00 0.952 -0.378 




























Figure 59. Span by Age group, Span level and Condition in the Corsi Blocks task 
 
 
Results concerning the main effect of Age demonstrated that, overall, the older adults recalled shorter 
tapping sequences (4.90 ± 0.10, M±SE) than the younger (5.80 ± 0.11). The significant main effect of 
Span revealed that individuals with poorer working memory capacity recalled less locations (5.06 ± 
0.10) than individuals with larger capacity (5.63 ± 0.10). Finally, the significant main effect of Condition 
supported the fact that the length of correctly recalled sequences was shorter in the backward 
condition (5.20 ± 0.08) than in the forward condition (5.50 ± 0.18). 
 
 
Table 30. Span in the Corsi Blocks task, by Age group, Span level and Condition: Analysis of variance 1 






Error F p 
partial 
η2 
Age 1 6178.763 106 1.104 39.746 0.001 0.273 
Span 1 17.800 106 1.104 16.124 0.001 0.132 
Condition 1 4.895 106 0.449 10.896 0.001 0.093 
Age * Span 1 1.035 106 1.104 0.937 0.335 0.009 
Age * Condition 1 0.450 106 0.449 1.002 0.319 0.009 
Condition * Span 1 0.251 106 0.449 0.558 0.457 0.005 
Age * Span * Cond. 1 0.021 106 0.449 0.047 0.829 0.000 
Note. 1 Results of Levene’s test of homogeneity of variance indicated that in the two experimental conditions, the variances observed in the 


















































Figure 60. Span by Age group, Condition and Span level for the Corsi 




Given the a priori hypotheses, planned comparisons were conducted to further assess the 
Span*Condition interaction separately for each age group. The results, reported in Table 31 and 
graphically displayed in Figure 60, revealed that the Span*Condition interaction was not significant 
either in the younger, or in the older population. Thus, although individual differences in working 
memory capacity were associated with individual differences in visuo-spatial short-term memory 




Table 31. Span*Condition interaction by Age group 
  Sum of squares df Mean square F p 
Effect 0.185 1 0.185 0.411 0.5227 
Younger 
Error 47.619 106 0.449   
Effect 0.073 1 0.073 0.162 0.6885 
Older 
Error 47.619 106 0.449   
 
 
To conclude on this section on the Corsi Blocks, we report the findings of the 2 × 2 mixed design 
ANOVA. They were congruent with those obtained in the previous analysis, revealing a significant 
main effect of Goup F(3,106)=20.423, p<.001, MSE=0.693, ηp2=0.366 and a significant main effect of 
Condition F(1,106)=10.896, p=.001, MSE=0.449, ηp2=0.093. The Group*Condition interaction, was not 




effect of Group and the Group*Condition interaction specifically for the younger Low Span and the 
older High Span revealed that the main effect of Group was not significant , F(1,106)=2.683, p=.104, 
MSE=1.104, and neither was the interaction, F(1,106)=1.452, p=.321, MSE=0.446 
 
 
VI.3.2.3. SUMMARY OF THE FINDINGS FOR THE SHORT-TERM MEMORY TASKS 
The general pattern of results reported for the main effects reported was comparable for both the 
verbal and the visuo-spatial tasks. Indeed, in both tasks, performance was significantly lower in the 
backward than in the forward condition, as supported by significant main effects of Condition. 
Furthermore, as predicted and supported by significant main effects of Age, older adults reported 
overall shorter sequences than younger adults. Finally, the results revealed a significant main effect of 
Span in both tasks, supporting the fact that overall, Low Span individuals demonstrated lower 
performance than High Span ones. Interestingly enough, the results further demonstrated that in the 
verbal task, and for the younger population, the interaction between the Span level and the Condition 
was significant, hence supporting the fact that High Span individuals were more hamperd than Low 
Span ones by the requirements of reversing the digit sequence. This pattern was not replicated either 
in the older population in the Digit Span task, or in both age groups in the Corsi blocks. Finally, it 
should be pointed out that although age differences were constantly reported, the findings from the a 
priori constrats conducted to compare performances of younger low spans and older high spans 






VI.3.3. LONG-TERM MEMORY TASKS 
Long term memory performance was assessed by means of three tasks: a delayed recall task, a 
source memory task and a recognition task. All were subtests of the computerized Gedächtnis-
Funktions-Test (or GFT, Perrig et al., 1994), a battery of memory tests. 
 
VI.3.3.1. GFT DELAYED RECALL  TASK 
The Delayed Recall Task provided means to evaluate delayed free recall. As a reminder, three scores 
were initially defined to assess performance. The number of elements correctly recalled, the number of 
intrusions and the number of repetitions, with the latter two scoring the errors.  
 
VI.3.3.1.1. NUMBER OF ELEMENTS CORRECTLY RECALLED 
The number of elements correctly recalled was defined as the number of the elements that were part 
of the figure presented at encoding that were actually recollected at recall. Table 32 contains the 
descriptive statistics for this variables, by Age group and Span level.  
 
An ANOVA Age*Span with Age group (Younger, Older) and Span level (High, Low) as between 
subject factor was performed on this score. The results are provided in Table 33 and revealed that 
only the main effect of Age was significant, with the younger adults recalling significantly more correct 
elements (17.00 ± 0.65, M±SE) than the older adults (10.00 ± 0.58). The main effect of Span and the 
Age*Span interaction did not reach the significance threshold of p<.05. 
 
Although the Age*Span interaction was not significant, planned comparisons were nevertheless 
conducted to assess the local effects of Span for each age group separately. The results, reported in 
Table 34, indicated that there were no significant differences between High and Low Span individuals 
in the younger population. In the older population, however, the Span effect was significant, showing 
that the Low Span individuals recalled less elements than the High Span individuals. 
 
Table 32. Number of element correctly recollected in the GFT Delayed Recall 
task, by Age group and Span level: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
 Younger - High 24 16.50 16.96 4.21 9.00 26.00 0.341 -0.215 
 Younger - Low 25 16.00 17.04 3.68 10.00 23.00 -0.176 -0.628 
 Older - High 31 11.00 11.16 5.16 3.00 23.00 0.563 -0.047 
 Older - Low 30 9.00 8.83 4.76 0.00 19.00 0.203 -0.339 








Figure 61. Number of element correctly recollected in the GFT 
Delayed recall task an by Age group and Span level:  
 
Table 33. Number of element correctly recollected in GFT Delayed Recall task, by Age group and 
Span level: Analysis of variance 1 






Error F p 
partial 
η2 
Age 1 1331.702 106 20.64414 64.508 0.001 0.378 
Span 1 34.265 106 20.64414 1.660 0.200 0.015 
Age * Span 1 39.429 106 20.64414 1.910 0.170 0.018 
Note. 1 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples were not significantly different 
with F(3,106)=0.711, p=.548.  
 
Table 34. Span effects by Age group 
  Sum of squares df Mean square F p 
Effect 0.082 1 0.082 0.004 0.9500 
Younger 
Error 2188.279 106 20.644   
Effect 82.623 1 82.623 4.002 0.0480 
Older 
Error 2188.279 106 20.644   
 
 
Finally note that the results of the ANOVA using a Group factor with 4 modalities revealed a significant 
effect of Group F(3,106)=22.733, p<.001, MSE=20.64, ηp2=0.392. A priori contrasts revealed a 
significant difference between younger Low Spans and older High Spans, F(1,106)=23.168, p<.001, 
MSE=20.644. 
 
VI.3.3.1.2. NUMBER OF ERRORS 
To further assess the performance in the Delayed Recall Task, analyses were conducted for both 
intrusions and repetitions error scores. The descriptive statistics for these scores are displayed in 




































score were quite low, indicating that only few errors were done. Indeed, as indicated by the median, in 
each age group and for each span level, half of the individuals made no intrusions and no repetitions 
at all. The scores were subsequently summed for each individual, thus providing a global score of 
errors. As also reported in Table 35, the results of the descriptive statistics conducted on this variable 
revealed that the total number of errors was extremely low. As a consequence, no inferential statistics 
were further conducted on these three accuracy scores. 
 
Figure 62. Number of intrusions (left panel) and repetitions (right panel) in the GFT Delayed recall 
task an by Age group and Span level 
 
 
Table 35. Number of intrusions, repetition and total errors in the GFT Delayed 
Recall task, by Age group and Span level: Descriptive statistics 
  
  
N MD M sd min Max skew kurt 
Intrusions 
 Younger - High 24 0.00 0.42 0.50 0.00 1.00 0.361 -2.048 
 Younger - Low 25 0.00 0.60 1.15 0.00 5.00 2.824 8.936 
 Older - High 31 0.00 0.26 0.44 0.00 1.00 1.163 -0.697 
 Older - Low 30 0.00 0.70 0.99 0.00 3.00 1.122 -0.014 
Repetitions 
 Younger - High 24 0.00 0.50 0.83 0.00 3.00 1.717 2.457 
 Younger - Low 25 0.00 0.56 0.77 0.00 2.00 0.981 -0.509 
 Older - High 31 0.00 0.26 0.51 0.00 2.00 1.918 3.154 
 Older - Low 30 0.00 0.30 0.60 0.00 2.00 1.906 2.746 
Total errors* 
 Younger - High 24 1.00 0.92 0.97 0.00 4.00 1.717 3.849 
 Younger - Low 25 1.00 1.16 1.43 0.00 5.00 1.170 0.756 
 Older - High 31 0.00 0.52 0.68 0.00 2.00 0.972 -0.148 
 Older - Low 30 1.00 1.00 1.08 0.00 3.00 0.524 -1.177 
Note. MD = median; M = mean; skew = Skewness; kurt = Kurtosis. *Total errors: Score computed for each 





























































VI.3.3.2. GFT SOURCE MEMORY TASK 
The Source Memory performance was assessed by five scores: the number of mismatches correctly 
detected at encoding, the number of mismatches correctly recalled, the proportion of mismatches 
correctly recalled, the number of intrusions, and the number of repetitions.  
 
VI.3.3.2.1. NUMBER OF MISMATCHES DETECTED AT ENCODING 
The first analyses conducted for the Source Memory task concerned the performance at encoding and 
were conducted to assess the Age and Span effects on the number of mismatches initially correctly 
detected. The descriptive statistics for this variable are provided in Table 36. The results suggested 
that younger adults detected more mismatches than older adults. Furthermore, they suggested that 
Low Span individuals found less mismatches than High Span individuals.  
 
Table 36. Number of mismatches (max=18) correctly detected at encoding in the 
GFT Source Memory task, by Age group and Span level: Descriptive statistics 
  
  
N MD M sd min Max skew kurt 
 Younger - High 24 16.00 16.04 1.57 12.00 18.00 -0.805 0.279 
 Younger - Low 25 16.00 15.60 1.53 12.00 18.00 -0.854 0.184 
 Older - High 31 15.00 13.97 2.48 8.00 17.00 -0.952 0.170 
 Older - Low 30 11.00 10.83 3.65 2.00 16.00 -0.491 -0.547 
Note. MD = median; M = mean; skew = Skewness; kurt = Kurtosis. *Total errors: Score computed for each 




Figure 63. Number of mismatches detected at encoding by Age 
group and Span level in the GFT Source Memory task 
 
Inferential statistics were further conducted on this variable by means of ANOVA Age*Span with the 










































provided in Table 37, showed that the main effects of Age and Span were significant, as well as the 
Age*Span interaction. The main effect of Age reflected the fact that older adults found significantly 
less mismatches at encoding (12.40 ± 0.33, M ± SE) than did the younger adults (15.82 ± 0.36). The 
main effect of Span revealed that overall, Low Span individuals detected (15.00 ± 0.35) less 
mismatches than High Span individuals (13.22 ± 0.34). 
 
Table 37. Number of mismatches correctly detected at encoding in the GFT Source Memory task, by 
Age group and Span level: Analysis of variance* 






Error F p 
partial 
η2 
Age 1 317.7666 106 6.454 49.238 0.001 0.317 
Span 1 86.8429 106 6.454 13.456 0.001 0.113 
Age * Span 1 49.2391 106 6.454 7.630 0.007 0.067 




The Age*Span interaction was tested by means of post-hoc comparisons (Tukey HSD test). The 
results are displayed graphically in Figure 64 (the detailed results are provided in Appendix A1, Table 
A.64). The results of the pairwise comparisons revealed that whereas the younger High and Low Span 
detected an equivalent number of mismatches (p=.929), the older Low Span individuals found 
significantly less mismatches than older High Span (p<.001). In addition, younger High Span detected 
significantly more mismatches than both the High and Low Span older adults (p=.017 and p<.001, 
respectively). The younger Low Spans however, were not significantly different from the older High 





































Figure 64. Number of mismatches correctly detected at encoding by Age group and 





VI.3.3.2.2. NUMBER OF MISMATCHES CORRECTLY RECALLED 
The second variable taken into account in the analyses was the number of mismatches correctly 
recalled. The descriptive statistics are given in Table 38.  
 
Table 38. Number of mismatches correctly recalled in the GFT Source Memory 
task, by Age group and Span level: Descriptive statistics 
  
  
N MD M sd min Max skew kurt 
 Younger - High 24 9.50 9.29 2.87 4.00 14.00 -0.417 -0.303 
 Younger - Low 25 9.00 9.08 2.96 4.00 14.00 -0.284 -0.775 
 Older - High 31 5.00 5.52 2.78 0.00 12.00 0.141 0.166 
 Older - Low 30 4.00 4.13 2.49 0.00 9.00 0.471 -0.431 
Note. MD = median; M = mean; skew = Skewness; kurt = Kurtosis. *Total errors: Score computed for each 
individual as the sum of intrusions and repetitions. Scatter plots for this variable as a function of working memory 




Figure 65. Number of mismatches correctly recalled by Age group 
and Span level in the GFT Source Memory task 
 
 
From the entries in Table 38 it can be seen that performance in the older adult population appears 
lower than that in the younger population, with about half less mismatches recalled. Individual 
differences in working memory capacity, however, do not seem to be associated with lesser 
performance. To assess the effect of Age and Span level on this score of recall, inferential statistics 
were conducted by means of ANOVA Age*Span with both Age (Younger, Older) and Span (High, 
Low) as between subject factors. The results, displayed in Table 39, revealed that the main effect of 
Age was significant, supporting the fact that overall, older adults recalled less mismatches (4.83 ± 
0.35, M ± SE) than younger adults (9.19 ± 0.40). The main Span effect and the Age*Span interaction 








































Table 39. Number mismatches correctly recalled in the GFT Source Memory task, by Age group and 
Span level: Analysis of variance 1 






Error F p 
partial 
η2 
Age 1 516.6226 106 7.642 67.607 0.001 0.389 
Span 1 17.2643 106 7.642 2.259 0.136 0.021 
Age * Span 1 9.3139 106 7.642 1.219 0.272 0.011 
Note. 1 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples were not significantly different 
with F(3,106)=0.158, p=.924.  
 
 
Although the Age*Span interaction was not significant, post-hoc planned comparisons were 
nevertheless conducted to assess the local effects of Span for each age group separately. The 
results, reported in Table 40, indicated that there were no significant differences between High and 
Low Span individuals in the youger population, but marginally significant ones in the older population. 
 
Table 40. Span effect by Age group 
  Sum of squares df Mean square F p 
Effect 0.549 1 0.5486 0.0718 0.7893 
Younger 
Error 810.007 106 7.6416   
Effect 29.152 1 29.1521 3.8149 0.0534 
Older 
Error 810.007 106 7.6416   
 
 
Finally, the results of the ANOVA using a Group factor with 4 modalities revealed a significant effect of 
Group F(3,106)=23.700, p<.001, MSE=7.642, ηp2=0.401. A priori contrasts revealed a significant 
difference between younger Low Spans and older High Spans, F(1,106)=23.003, p<.001, 
MSE=7.6416. 
 
Taken together, the results described so far revealed that, although the older adults recalled less 
mismatches than the younger ones, they also detected significantly less of them at encoding. 
Additionally, although results revealed that High and Low Span individuals recollected equivalent 
number of mismatches, their performance at encoding was nevertheless significantly different, at least 
as concerned older adults. Indeed, older Low Span did report significantly less mismatches than High 
Spans. The number of mismatches recalled, however, was equivalent. Thus, to further assess the 
performance at recall, a proportional score was used that allowed to evaluate performance at recall by 










VI.3.3.2.3. PROPORTION OF MISMATCHES CORRECTLY RECALLED 
As a reminder, the proportion of mismatches correctly recalled was computed as the number of 
mismatches correctly recalled divided by the number of mismatched detected at encoding. Thus, this 
score reflects the individual ability to recollect the elements that were actually reported. The 
descriptive statistics for this score are displayed in Table 41. 
 
The results reported in Table 41 suggested that the age-related difference in performance that was 
found on the number of correct mismatches remained once the performance at encoding was 
controlled for. Indeed, the proportion of mismatches correctly recalled appeared to be lower in the 
older population than in the younger.  
 
Table 41. Proportion of mismatches correctly recalled in the GFT Source 
Memory task, by Age group and Span level: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
 Younger - High 24 0.61 0.58 0.18 0.24 0.88 -0.411 -0.148 
 Younger - Low 25 0.59 0.58 0.18 0.25 0.93 0.027 -0.397 
 Older - High 31 0.39 0.39 0.18 0.00 0.71 -0.223 -0.503 
 Older - Low 30 0.37 0.38 0.21 0.00 0.78 0.145 -0.745 




Figure 66. Proportion of  mismatches correctly recalled in the GFT 
Source Memory task by Age group and Span level 
 
 
As concerned the individual differences in working memory capacity, the results reported in Table 41 
seem to indicate that, within age groups, the performance of High and Low Span individuals was 


























means of ANOVA Age*Span with Age (Younger, Older) and Span (High, Low) as between subject 
factors. The results are displayed in Table 42. They revealed that the main effect of Age was 
significant, supporting the fact that older adults showed a reduced performance (0.38 ± 0.02, M ± SE) 
relative to that of younger adults (0.58 ± 0.03). The main effect of Span and the Age*Span interaction 
did not reach the significance threshold of p<.05.  
 
Table 42. Proportion of mismatches correctly recalled in GFT Source Memory task, by Age group and 
Span level: Analysis of variance 1 






Error F p 
partial 
η2 
Age 1 1.068 106 0.03502 30.488 0.001 0.223 
Span 1 0.001 106 0.03502 0.034 0.854 0.000 
Age * Span 1 0.001 106 0.03502 0.024 0.878 0.000 
Note. 1 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples were not significantly different 
with F(3,106)=0.777, p=.509.  
 
 
The results of the ANOVA using a Group factor with 4 modalities revealed a significant effect of Group 
F(3,106)=10.176, p<.001, MSE=0.035, ηp2=0.224. A priori contrasts revealed a significant difference 





VI.3.3.2.4. NUMBER OF ERRORS 
The scores used to assess the errors in the Source Memory tasks were the number of intrusions and 
the number of repetitions. The results of the descriptive statistics for these two scores are reported in 
Table 43 (the total number of errors, that is, the sum of intrusions and repetitions is also provided). As 
indicated by the entries in this table, both the number of intrusions and the number of repetitions were 
quite low, irrespective of the age group and the span level. Indeed, for intrusions, the data reported in 
Table 43 shows that half of the sample made one or fewer intrusions at recall. The number of 
repetitions was even lower, with half of the individuals making no repetition at all, irrespective of the 
age group and span level. Thus, the results suggested that, at least for a majority of the individuals, 













Table 43. Number of intrusions and repetitions in the GFT Source Memory task, 
by Age group and Span level: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Intrusions 
 Younger - High 24 1.00 1.17 1.09 0.00 4.00 0.740 0.321 
 Younger - Low 25 1.00 1.72 1.43 0.00 5.00 0.632 -0.474 
 Older - High 31 1.00 0.84 0.90 0.00 4.00 1.517 3.756 
 Older - Low 30 0.00 0.87 1.36 0.00 5.00 1.674 2.214 
Repetitions 
 Younger - High 24 0.00 0.00 0.00 0.00 0.00 - - 
 Younger - Low 25 0.00 0.28 0.61 0.00 2.00 2.127 3.539 
 Older - High 31 0.00 0.19 0.54 0.00 2.00 2.817 7.081 
 Older - Low 30 0.00 0.07 0.37 0.00 2.00 5.477 30.000 
Total errors* 
 Younger - High 24 1.00 1.17 1.09 0.00 4.00 0.740 0.321 
 Younger - Low 25 2.00 2.00 1.50 0.00 5.00 0.644 -0.560 
 Older - High 31 1.00 1.03 1.11 0.00 5.00 1.652 4.200 
 Older - Low 30 0.00 0.93 1.41 0.00 5.00 1.463 1.289 
Note. MD = median; M = mean; skew = Skewness; kurt = Kurtosis.  *Total errors: Score computed for each 




VI.3.3.3. GFT RECOGNITION TASK 
The third task used to assess recall from long term memory was a recognition task, also administered 
with the GFT battery of tests. Recall that three variables were retained to assess performance: the 
number of hits, the number of false alarms and a d’ (d-prime) score. The results are described below. 
 
VI.3.3.3.1. D-PRIME (D’) 
The main score indexing performance in the recognition task was the d-prime (d’). As a reminder, this 
score reflects performance by taking into account both the number of hits and the number of false 
alarms; the higher the d’, the better the discrimination between targets and lures. The descriptive 
statistics for this score are provided in Table 44. For information purpose, the descriptive statstics for 
the number of hits and the number of false alarms are also reported.  
 
The entries in Table 44 suggest that, as concerns the hits, performance was relatively high, especially 
for the younger adults. Furthermore, in all age groups and for each span level, some individuals 
attained the maximum score (i.e. 15). However, the group differences between High and Low Span 
individuals did not appear to be large. As concerns the false alarms, the results revealed that overall, 
the number of false alarms was relatively small in the younger population, irrespective of the Span 




slightly more false alarms than the younger, and furthermore, that Low Span individuals made more 
false recognitions than High Span individuals. Finally, as concerns the d’prime, the entries in Table 44 
suggest that the discrimination between targets and lures was better in the younger population than in 
the older. Moreover, whereas High and Low Span younger individuals have central tendency d’ values 
that are relatively comparable, the data suggest that in the older population, Low Span individuals 
discriminate less well between targets and lures than do the High Spans. 
 
An ANOVA Age*Span, with Age (Younger, Older) and Span (high, Low) as between subject factors 
was conducted on the d’ scores. The results, reported in Table 45, revealed a main effect of Age, 
supporting the fact that overall, older adults demonstrated less efficient discrimination between targets 
and lures (1.821 ± 0.095, M±SE) than did the younger adults (2.878 ± 0.106). The results of the 
ANOVA also showed through a significant main effect of Span that overall, High Span had higher d’ 
scores (2.535 ± 0.100) than Low Span individuals (2.163 ± 0.100). The Age*Span interaction, 
however, did not reach the significance threshold. It was nevertheless tested, by means of planned 
comparisons, to evaluate the local effects of Span for each age group separately. The results are 
given in Table 46. They revealed that in the younger population, High and Low Span individuals were 
not significantly different in regards of their d’ score. In the older population, however, Low Span 
individuals did actually discriminate less efficiently between targets and lures than did High Span 
individuals. 
 
Table 44. Number of hit, false alarms and d-prime score in the GFT 
Recognition task, by Age group and Span level: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Hits1 
 Younger - High 24 13.00 12.96 2.03 8.00 15.00 -0.956 0.202 
 Younger - Low 25 14.00 12.96 2.35 7.00 15.00 -1.386 1.454 
 Older - High 31 12.00 11.16 2.86 6.00 15.00 -0.419 -0.835 
 Older - Low 30 10.50 10.17 3.15 2.00 15.00 -0.674 0.023 
False alarms 
 Younger - High 24 0.00 0.21 0.51 0.00 2.00 2.539 6.258 
 Younger - Low 25 1.00 0.84 1.07 0.00 4.00 1.460 2.058 
 Older - High 31 1.00 1.68 2.02 0.00 8.00 1.351 1.630 
 Older - Low 30 2.00 3.07 3.46 0.00 11.00 1.317 0.474 
d-prime 
 Younger - High 24 2.95 2.97 0.57 1.75 3.67 -0.528 -0.524 
 Younger - Low 25 2.95 2.79 0.77 1.03 3.67 -0.802 -0.333 
 Older - High 31 1.93 2.10 0.89 0.37 3.67 0.162 -0.644 
 Older - Low 30 1.58 1.54 0.65 -0.27 2.68 -0.549 0.831 








Figure 67. d-prime values in the GFT Recognition task by Age group 
and Span level 
 
 
Table 45. d-prime values in GFT Recognition task, by Age group and Span level: Analysis of variance 1 






Error F p 
partial 
η2 
Age 1 30.369 106 0.54547 55.676 0.001 0.344 
Span 1 3.763 106 0.54547 6.898 0.010 0.061 
Age * Span 1 0.957 106 0.54547 1.754 0.188 0.016 
Note. 1 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples were significantly different with 
F(3,106)=2.724, p=.048.  
 
Table 46. Span effect by Age group 
  Sum of squares df Mean square F p 
Effect 0.4164 1 0.4164 0.7634 0.38425 
Younger 
Error 57.8168 106 0.5454   
Effect 4.7792 1 4.7792 8.7620 0.00380 
Older 




Finally, the results of the ANOVA using a Group factor with 4 modalities revealed a significant effect of 
Group F(3,106)=21.513, p<.001, MSE=0.545, ηp2=0.378. A priori contrasts revealed a significant 























VI.3.3.4. SUMMARY OF THE FINDINGS FOR THE LONG-TERM MEMORY TASKS 
The results of the analyses conducted on the scores indexing performance in recall from long term 
memory revealed constant and reliable age-related differences in performance in disfavor of the older 
adults. Indeed, in all three tasks, Source Memory, Delayed Free Recall, and Recognition, the number 
of elements correctly recalled was significantly smaller in the older population than in the younger. 
Considering the effect of individual differences in working memory capacity on the long-term memory 
performance, the pattern of results showed, globally, that, High and Low Span individuals were not 
significantly different, either in terms of correct responses, or in terms of accuracy, as far as the 
younger population was concerned. This was the case for all three long-term memory tasks. In the 
older population, however, High Span individuals demonstrated better recall performance than Low 
Span individuals both in the Delayed Free Recall task and in the Recognition task. In the Source 
Memory task, although the results revealed that the encoding was less efficiently done by the Low 
Span individuals than by the High Span ones (as reflected by less mismatches detected), the 
performance at recall was not significantly different between High and Low Span participants. Also 
interestingly enough, the results of the complementary analysis revealed that performance was 
systematically lower in the older High Span group than in the younger Low Span one, although the 
former demonstrate a larger working memory capacity than the latter. This suggests that age-related 




VI.3.4. PROCESSING SPEED 
Processing Speed was evaluated by means of a Target Detection Task, provided in the GFT omnibus 
battery of memory tests. Performance was assessed by two variables, the number of targets correctly 
detected and the mean detection time by target correcty detected. As a reminder, a total of 30 targets 
were presented during the task. The descriptive statistics for the two variables of interest are displayed 
in Table 47. 
 
Concerning the number of targets detected, the entries in Table 47 show that in the younger 
population, irrespective of the span level, the performance was close to ceiling, with scores varying 
between 27, and the maximum score, 30. In the older population, performance was also quite high, 
with half of the individuals demonstrating a performance over 29 (High Spans) or 28 (Low Spans). 
However, as denoted by relatively large standard deviations and skewness, several individuals in this 
population did detect only a small number of targets. Given the ceiling effect reported in the younger 
population and the fact that variances were largely different across the groups (as reflected by 
standard deviations 2 to 3 times larger in the older population relative to the younger), no further 
inferential statistics were conducted on this variable.  
The entries in Table 47 also reveal that younger adults responded faster than older adults, when 




capacity, the data reported in Table 47 suggest that irrespective of the age group, High and Low Span 
individuals demonstrated similar performance.  
 
Thus, to further evaluate the effects of Age and Span level on detection time, inferential statistics were 
conducted by means of ANOVA Age*Span, wit Age (Younger, Older) and Span (High, Low) as 
between subject factors. The results, reported in Table 48, revealed a significant main effect of Age 
group, supporting the fact that younger adults detected the targets faster (0.356 ± 0.009 sec, M ± SE) 
than the older adults (0.457 ± 0.008 sec). The main effect of Span and the Age*Span interaction were 
not significant. 
 
Table 47. Number of targets detected (max=30) and mean detection time (in 




N MD M sd min max skew kurt 
Number detected 
 Younger - High 24 30.00 29.25 1.11 27.00 30.00 -1.161 -0.163 
 Younger - Low 22 29.00 29.14 0.94 27.00 30.00 -0.670 -0.671 
 Older - High 30 29.00 27.93 2.52 18.00 30.00 -2.224 7.319 
 Older – Low * 26 28.00 26.92 3.92 14.00 30.00 -2.012 4.131 
Detection time 
 Younger - High 24 0.36 0.35 0.05 0.29 0.52 1.932 6.829 
 Younger - Low 22 0.36 0.36 0.05 0.28 0.51 1.427 4.115 
 Older - High 30 0.44 0.44 0.07 0.32 0.64 0.685 1.359 
 Older – Low * 26 0.46 0.47 0.08 0.33 0.67 0.803 0.717 
Note. MD = median; M = mean; skew = Skewness; kurt = Kurtosis. *In the older Low Span group, one individual 
(ID 6203) was omitted for his performance was clearly outlier in both the response time (1.319 sec) and the 
number of targets detected (9). 
 
 
Figure 68. Number of targets detected (left panel) and mean detection time (right panel) in the GFT 
Target detection task by Age group and Span level 
























































Table 48. Target detection time in the GFT Target Detection task, by Age group and Span level: 
Analysis of variance 1 






Error F p 
partial 
η2 
Age 1 66.373 97 0.004 66.373 0.001 0.406 
Span 1 1.192 97 0.004 1.192 0.278 0.012 
Age * Span 1 0.656 97 0.004 0.656 0.420 0.007 
Note. 1 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples were significantly different with 
F(3,97)=2.785, p=.045.  
 
To conclude, note that the results of the ANOVA using a Group factor with 4 modalities revealed a 
significant effect of Group F(3,98)=22.129, p<.001, MSE=0.004, ηp2=0.404. A priori contrasts revealed 





VI.3.5. RESISTANCE TO INTERFERENCE 
Resistance to interference was assessed by means of Reading and Naming Color Stroop tasks47. 
Performance was indexed by the response time, the number of error and by interference and 
facilitation indices.  
 
VI.3.5.1. ANALYSIS OF THE RESPONSE TIMES 
Analyses of response times were conducted using the median response times computed for correct 
responses only. Trials that were rejected for this analysis were: unexpected responses, voice key 
errors and erroneous measures (i.e. time recorded while participants made vocal interjections). The 
overall percentage of trials that were rejected ranged from 0% to 21.43% (1.61 ± 2.82%, M ± sd)  in 
the Reading task and 0% to 22.86% (3.83 ± 3.90%, M ± sd)  in the Naming task. Taking into account 
that these scores embedded response device failures, all the participants were considered to be 
accurate enough and were further considered in the analyses of response times.  
 
VI.3.5.1.1. RELIABILITY ANALYSES 
The first analyses that were conducted on the response times concerned reliability. These analyses 
were conducted, by means of the “split-half” method, for each task separately, for the entire study 
                                                 
47 It should be reminded that the Naming and Reading tasks were administered only to part of the younger original population. 
This leads to considerable discrepancies in the number of participants’s scores that could be analysed for these tasks. Indeed, 
the younger population was reduced approximately by half, leaving 10 High Span and 15 Low Span individuals. To adjust for 
the number of observations entered in the statistical design, 20 older adults were randomly selected from the studied population 
(10 High Span and 10 Low Span). Descriptive statistics of the demographic variables of this subsample are provided in 
Appendix A1, section A1.3.3, Table A.65. Statsitical analyses for the Color Stroop tasks were conducted both on the complete 
study population and on the selected sub-sample. For sake of claritiy, descriptive and inferential statstics reported here only 





population as well as by Age group and Span level. The results of the reliability analyses were 
satisfactory. Indeed, irrespective of the Age group and Span level, coefficients ranged from 0.839 to 
0.976 for the Reading task, and from 0.823 to 0.988 for the Naming task. In the Reading task, the 
lower coefficients were reported for the older High Spans (median value of 0.891) whereas in the 
Naming task, the lower coefficients were reported for the younger Low Spans (median value of 0.881). 
All remained acceptable (for the detailed results, see Appendix A1, section A1.3.3,Table A.66 for the 
Reading task, and in Table A.67 for the Naming task). 
 
 
VI.3.5.1.2. DESCRIPTIVE STATISTICS 
The descriptive statistics for the response times as a function of Age group, Span level, Task and 
Condition are displayed in Table 49 (the detailed descriptive statistics are provided in Appendix A1, 
section A1.3.3, Table A.68 and Table A.69). The entries in this table indicate that overall, the response 
times were slower when naming the colors than when reading the words. Additionally, in both tasks, 
younger adults responded faster than older adults. As concerns the Reading task, the slower 
response latencies were observed for neutral words trials, whereas they were approximately 
equivalent in all three other conditions. In the Naming task, the slower response latencies were 
observed for incongruent trials. Naming color patches induced the fastest responses, but these were 
quite close to the response latencies measured on congruent trials. Response times observed for 
naming the color of neutral words appeared to be intermediate. 
 
 
Table 49. Response latencies (ms) as a function of Task, Age group, Span level and Condition in the 
Color Stroop: Descriptive statistics 
  Reading Task  Naming Task 
  Congr. Incongr. Neutral  White  Congr. Incongr. Neutral  Patches 
Y – HS (N=10)          
 M 489 489 501 492  651 746 696 610 
 SD 79 87 87 93  77 94 69 77 
Y – LS (N=15)          
 M 461 469 481 467  613 766 690 611 
 SD 55 55 61 61  89 100 86 82 
O – HS (N=31)          
 M 523 523 549 523  757 941 816 705 
 SD 65 64 68 64  134 164 112 101 
O – LS (N=31)          
 M 547 564 591 560  757 1010 896 737 
 SD 86 84 97 86  136 296 232 115 
 
 
Two-steps inferential statistical analyses were conducted on these data according to the design 
applied by Spieler, Balota and Faust (1996). First, the main Task effect was assessed by ANOVA  




between-subjects factors and the Task (Reading, Naming) and the Condition (Congruent, Incongruent, 
Neutral, Control) as within-subjects repeated measures. Second, ANOVAs were conducted separately 
for each task using a 2 (Younger, Older) × 2 (High, Low) × 4 (Congruent, Incongruent, Neutral, 
Control) design. The results of the analysis conducted to assess the task effect are reported in the 
next section, followed by the results of the analyses conducted for the Reading Task and for the 
Naming task, respectively. 
 
 
VI.3.5.1.3. TASK EFFECTS 
The assessment of the Task effect with the 2 × 2 × 2 × 4 mixed-factor ANOVA revealed a significant 
main effect of Task, F(1,83)=257.291, p<.001, MSE=29667, η2=.756, supporting the fact that 
responses were slower when naming the colors (750 ± 17ms; M ± SE) than when reading the words 
(515 ± 9ms). This effect interacted with the Age effect, F(1,83)=8.677, p<.005, MSE=29667, η2=.095, 
underlying the fact that the difference between younger and older adults was slightly greater in the 
Naming task (younger: 673 ± 29ms; older 827 ± 17ms, difference of 154ms) than in the Reading task 
(younger: 481 ± 15ms; older 549 ± 9ms, difference of 68ms). However, as denoted by the low partial 
eta squared value, this interaction did account only for a small amount of variance. Furthermore, 
results revealed a significant Task*Condition interaction, F(1,83)= 95.634, p<.001, MSE=4795, 
η2=.535, revealing that the task instructions produced differential effects on the latencies observed for 
similar conditions. Finally, the Age*Task*Condition interaction was also significant, F(1,83)=7.201, 
p<.005, MSE=4795, η2=.080, indicating that the response times in the two age groups were 



































The Age*Condition*Task interaction was tested by means of post-hoc pairwise comparisons 
conducted with Tukey HSD tests. The detailed results are provided in Appendix A1, section A1.3.3, in 
Table A.72 for the complete population and in Table A.73 for the randomly selected population. Briefly 
summarized, these results revealed that for both the younger and the older adults, the Task effect was 
significant for all conditions, the response times being larger in the Naming task than in the Reading 
task. In the Reading task, the response times across the different conditions did not significantly differ, 
either for the younger, or for the older adults.  
 
In the Naming task, however, there were significant differences across conditions. In both the younger 
and the older population, the response times associated with incongruent items were significantly 
larger than the responses times observed in all other conditions. Furthermore, the congruent items 
necessitated significantly less time to respond than the incongruent and the neutral words, irrespective 
of the age group. However, in the younger population, the response times for congruent items were 
not significantly different from the response times for naming the color patches, whereas in the older 
population, response times associated with congruent items were significantly slower than those 
associated with the patches. This is somehow contradictory to the expectations. 
 
Finally, the results of the post-hoc comparisons revealed that in the Reading task, the age-related 
differences in response times were not significant, irrespective of the condition. A similar pattern was 
observed for the Naming task, with the exception of the incongruent items for which the difference was 
marginally significant, in disfavor of the older adults. Thus, although the results of the post-hoc test did 
not provide means to determine fully the source of the Age*Task*Condition interaction, it was 
nevertheless inferred that this interaction was due to the fact that for older adults, the difference in 
response time across the two tasks for incongruent items (975ms – 543ms = 432ms) was larger than 
the corresponding difference in the younger population (477ms – 758ms = 281ms). 
 
In conclusion, it is worth mentioning that results also revealed a significant main effect of Age, 
F(1,83)=23.982, p<.001, MSE=71514, η2=.224, supporting the fact that overall, the older adults 
responded slower than the younger adults (688 ± 12ms and 576 ± 19ms respectively). There was also 
a significant main effect of Condition, F(1,83)= 102.925, p<.001, MSE=5091, η2=.554, (Congruent: 601 
± 10ms, Incongruent: 688 ± 15ms, Neutral: 653 ± 13ms, Control: 588 ± 10ms), but no significant main 
effect of Span Level, F(1,83)=0.707, p=.377, MSE=71514, η2=.005. This latter suggested that High 
and Low Span individuals demonstrated equivalent overall pattern of performance (Detailed results of 
this analysis are provided in Appendix A1, section A1.3.3, in for the complete population and in Table 








VI.3.5.1.4. ANALYSIS OF THE READING TASK 
As mentioned earlier, subsequent analyses were conducted on each task separately using a 2 (Age 
Group) × 2 (Span Level) × 4 (Condition) mixed-factor ANOVA design. As concerns the Reading task, 
detailed results of the ANOVA are reported in Table 50 (see also Appendix A1, section A1.3.3, Table 
A.76, Table A.77 and Table A.78 for the results obtained on the randomly selected sub-sample, for 
which comparable results were obtained). 
 
Table 50. Word Reading response times (ms) by Age group, Span level and Condition in Color Stroop 
task: Analysis of variance1 






Error F p 
partial 
η2 
Age 1 321780.94 83 22280.76 14.442 0.001 0.148 
Span 1 4533.44 83 22280.76 0.203 0.653 0.002 
Condition 3 7345.83 249 222.70 32.985 0.001 0.284 
Age * Span 1 66732.37 83 22280.76 2.995 0.087 0.035 
Age * Condition 3 981.12 249 222.70 4.405 0.005 0.050 
Span * Condition 3 163.03 249 222.70 0.732 0.534 0.009 
Age * Span * Cond.  3 21.35 249 222.70 0.096 0.962 0.001 
Note. 1 The results are reported without a Greenhouse-Geisser correction (ε=.806), given that similar results were obtained with and without 
correction 2 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples did not significantly differ in 
all four conditions: congruent items, F(3,83)=0.677, p=.569; incongruent items, F(3,83)=0.691, p=.560; neutral words, F(3,83)=0.783, p=.507, 
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Figure 70. Median reading time by Age group, Span level and Condition in the Color Stroop 
test (means and standard errors). 
 
The results of the ANOVA, conducted specifically on the Reading task, were quite different from those 
observed on the omnibus analysis previously conducted to assess the Task effects. Indeed, results 




the words (549 ± 9ms, M ± SE) than did the younger (481 ± 15ms). Additionally, the main effect of 
Condition and the Age*Condition interaction were significant. However, the main Span effect and the 
three remaining interactions (i.e. the Age*Span, the Span*Condition and the Age*Span*Condition) 
were not significant. 
 
The main effect of Condition was decomposed by means of Tukey HSD test. The results (reported in 
Appendix A1, section A1.3.3, Table A.74) revealed that the reading times for neutral words was 
significantly longer than for congruent (p<.01), incongruent (p<.01) and white words (p<.01). The 
reading times for congruent, incongruent and white words were not significantly different. 
 
Post-hoc planned comparisons were conducted to test the Age*Condition interaction, first by 
assessing the main effect of condition for each age group separately, and second to evaluate the main 
effect of Age in each of the conditions. As reported in Table 51, the results revealed that the age 
differences in response time were significant in all conditions. Furthermore, as reported in Table 52, 
the main Condition effect was significant for both younger and older adults. The Age*Condition 
interaction was consequently further tested by means of pairwise comparisons performed with Tukey 
HSD tests. The results are graphically reported in Figure 71 and the detailed results are provided in 
Appendix A1, section A1.3.3, Table A.75. The results of the post-hoc comparisons revealed that the 
difference in reading time between neutral words, on the one hand, and the other conditions, on the 
other hand, were larger for the older adults than for the younger. 
 
Table 51. Condition effect by Age group 
  Sum of squares df Mean square F p (corrected) 
Effect 3438.89 3 1146.30 5.147 0.0018 (.05) 
Younger 
Error 55453.31 249 222.70   
Effect 35873.56 3 11957.85 53.694 0.0001 (.01) 
Older 
Error 55453.31 249 222.70   
Note. Threshold value (Bonferroni correction) for 6 comparisons : α=0.0083 for  p<.05 et α=0.0017 for p<.01 
 
 
Table 52. Age effect by Condition 
  Sum of squares df Mean square F p (corrected) 
Effect 77897.2 1 77897.17 14.564 0.0003 (.01) 
Congruent 
Error 443947.5 83 5348.76   
Effect 71876.4 1 71876.44 13.435 0.0004 (.01) 
Incongruent 
Error 444040.3 83 5349.88   
Effect 108158.8 1 108158.79 16.576 0.0001 (.01) 
Neutral Words 
Error 541573.3 83 6524.98   
Effect 66791.9 1 66791.89 11.666 0.0001 (.01) 
White Words 
Error 475195.1 83 5725.24   





























Between parentheses: Significant only for the subsample
 
Figure 71. Median reading time by Age group and Condition in the Color Stroop 
test (means and standard errors) 
 
 
Finally, results of the 2 × 2 mixed design ANOVA revealed a significant main effect of Group 
F(3,83)=6.907, p<.001, MSE=22280.8, ηp2=0.200, a significant main effect of Condition 
F(3,249)=32.985, p<.001, MSE=222.70, ηp2=0.281, and a marginally significant Group*Condition 
interaction, F(9,249)=1.731, p=.082, MSE=222.70, ηp2=0.059. A priori contrasts assessing the main 
effect of Group and the Group*Condition interaction for the younger Low Span and the older High 
Span only revealed a significant main effect of Group F(1,83)=6.553, p=.012, MSE=22280.8, and a 




VI.3.5.1.5. ANALYSIS OF THE NAMING TASK 
Turning to the Naming task, Table 53 reports the detailed results of the 2 (Age Group) × 2 (Span 
Level) × 4 (Condition) mixed-factor ANOVA (see also Appendix A1 section A1.3.3, Table A.81, Table 
A.82 and Table A.83 for the results obtained on the randomly selected sub-sample). The results 
revealed that the main effect of Age, the main effect of Condition and the Age*Condition interaction 
were significant. All other effects did not reach the significance threshold of p<.05. 
The main effect of Age group supported the fact that older adults took more time (877 ± 18ms, M ± 







Table 53. Color naming response latencies (ms) by Age group, Span level and Condition in Color 
Stroop task: Analysis of variance1 






Error F p 
partial 
η2 
Age 1 1650715.63 83 78901.145 20.921 0.001 0.201 
Span 1 27148.29 83 78901.145 0.344 0.559 0.004 
Condition 3 558131.62 249 5469.115 102.052 0.001 0.551 
Age* Span 1 45377.01 83 78901.145 0.575 0.450 0.007 
Age * Condition 3 40916.04 249 5469.115 7.481 0.001 0.083 
Span * Condition 3 14068.00 249 5469.115 2.572 0.055 0.030 
Age * Span * Cond.  3 2571.59 249 5469.115 0.470 0.703 0.006 
Note. . 1 The results are reported without a Greenhouse-Geisser correction (ε=.550), given that similar results were obtained with and without 
correction. 2 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples did significantly differ in for 
incongruents items , F(3,83)=3.147, p=.029 and in for neutral words F(3,83)=3.644, p=.016. In was not the case for congruent items 
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Figure 72. Median naming time by Age group, Span level and Condition (means 




The Condition effect was decomposed by means of post-hoc comparisons conducted with Tukey HSD 
tests. The results, detailed in Appendix A1, section A1.3.3, Table A.79, revealed that the naming time 
for congruent items was significantly faster than the naming times observed in all other conditions. 
Furthermore, naming time for incongruent items was significantly slower than the naming time 
reported for all other conditions. Finally, results revealed that naming the color of neutral words was 






Table 54. Condition effect by Age group 
  Sum of squares df Mean square F p (corrected) 
Effect 309529.5 3 103176.49 18.865 0.0001 (.01) 
Younger 
Error 1361809.6 249 5469.11   
Effect 2420263.3 3 806754.44 147.511 0.0001 (.01) 
Older 
Error 1361809.6 249 5469.11   
Note. Threshold value (Bonferroni correction) for 6 comparisons : α=0.0083 for  p<.05 et α=0.0017 for p<.01 
 
Table 55. Age effect by Condition 
  Sum of squares df Mean square F p (corrected) 
Effect 270818.8 1 270818.81 17.828 0.0001 (.01) 
Congruent 
Error 1260821.3 83 15190.62   
Effect 833169.0 1 833168.98 18.925 0.0001 (.01) 
Incongruent 
Error 3653982.3 83 44023.88   
Effect 458578.1 1 458578.07 17.763 0.0001 (.01) 
Neutral Words 
Error 2142812.4 83 25817.02   
Effect 210897.9 1 210897.89 20.521 0.0001 (.01) 
Patches 
Error 852988.5 83 10276.97   
Note. Threshold value (Bonferroni correction) for 6 comparisons : α=0.0083 for  p<.05 et α=0.0017 for p<.01 
 
 
The Age*Condition interaction was also tested by means of planned comparisons assessing, on the 
one hand, the main effect of Condition for both age groups and, on the other hand, the main effect of 
Age for each task condition. The results are reported in Table 54 and Table 55, respectively. They 
showed that the main effect of Condition was significant for both age groups. They also revealed that 
the Age effect was significant for all conditions. Thus, pairwise post-hoc comparisons were conducted 
by means of Tukey HSD tests. The results are graphically summarized in Figure 73 and detailed in 
Appendix A1, section A1.3.3, Table A.80. The results revealed that, for both younger and older adults, 
the naming times for the colored patches were significantly faster than the naming times reported for 
neutral words and incongruent items. In the older population, naming the color of patches was also 
significantly faster than naming congruent items (although this result was not reproduced in the sub-
sample), whereas in the younger population, there were no significant differences between the naming 
times reported for the patches and for the congruent items. When the naming time associated with the 
incongruent items was considered, results revealed that they were significantly longer than the naming 
times reported in all other conditions, and that, in both age groups. Finally, in both age groups, the 
neutral words were associated with longer naming times than both congruent and patches.  
 
The results of the post-hoc comparisons also revealed that the only condition in which the naming 
times were significantly longer for older adults than for younger was the incongruent condition, when 
age differences were considered. In all other cases, age differences in the naming time did not reach 




mainly caused by larger age-related differences in naming time for incongruent items, as compared 






























Between parentheses: result for the subsample 
 
Figure 73. Median naming time by Age group and Condition in the Color Stroop test (means 
and standard errors) 
 
 
Finally, given that the Span*Condition interaction was marginally significant, planned comparisons 
were conducted to assess this particular interaction for each age group separately. The results are 
reported in Table 56. 
 
Table 56. Span*Condition interaction by Age group 
  Sum of squares df Mean square F p 
Effect 10660.4 3 3553.5 0.650 0.5838 
Younger 
Error 1361809.6 249 5469.1   
Effect 61898.5 3 20632.8 3.773 0.0112 
Older 
Error 1361809.6 249 5469.1   
 
 
They revealed that the interaction was not significant in the younger population. However, it was 
significant in older group. It was thus further tested by means of planned comparisons assessing the 
condition effect at each Span level and the Span effect for each of the condition. The results 
demonstrated that the Condition effect was significant for both the older High F(1,83)=58.511, p<.001, 
MSE=5469.1 and the older Low Span individuals F(1,83)=92.773, p<.001, MSE=5469.1. However, the 
two groups did not significantly differ either in the congruent F(1,83)<1, p=.996, MSE=15190.6, in the 




MSE=100277.0. The difference was marginally significant for the neural words F(1,83)=3.842, p=.053, 
MSE=25817.0.  
 
To conclude, note that the results from the 2 × 2 mixed design ANOVA revealed a significant main 
effect of Group F(3,83)=7.778, p<.001, MSE=78901.1, ηp2=0.219, a significant main effect of Condition 
F(3,249)=102.52, p<.001, MSE=5469.12, ηp2=0.551, and a significant Group*Condition interaction, 
F(9,249)=3.875, p<.001, MSE=5469.12, ηp2=0.123. A priori contrasts assessing the main effect of 
Group and the Group*Condition interaction for the younger Low Span and the older High Span only 
revealed a significant main effect of Group F(1,83)=9.298, p=.003, MSE=78901.1, and a non 
significant Group*Condition interaction F(3,249)=2.104, p=.100, MSE=5469.1. 
 
 
VI.3.5.2. ANALYSIS OF ERRORS 
Errors consisted in responses that were not expected but nevertheless induced by the material, that is, 
intrusions. A prototypical example of this type of error is reading the word instead of naming the color. 
Were also considered as intrusions responses induced by previous trials. The analyses conducted on 
this variable were confined to the Naming task because there were no particular assumptions related 
to the occurrence of intrusions in the Reading task. The score used to index errors was a proportional 
score computed by condition as the number of intrusions divided by the number of item. The 
descriptive statistics by Age group, Span level and Condition are reported in Table 57 and graphically 
displayed in Figure 74. 
 
 
Table 57. Percentage of intrusions as a function of Age group, 
Span level and Condition in the Color Stroop Naming task: 
Descriptive statistics 
   Congr. Incongr. Neutral  Patches 
Y – HS (N=10)      
 M  1.11 1.67 - a 0.83 
 SD  1.43 1.94 - a 1.34 
Y – LS (N=15)      
 M  1.30 2.41 0.42 1.11 
 SD  1.43 2.32 1.10 1.76 
O – HS (N=31)      
 M  1.43 1.97 0.40 1.34 
 SD  2.25 2.80 1.06 1.58 
O – LS (N=31)      
 M  2.24 1.79 1.92 1.79 
 SD  2.99 2.54 2.38 2.22 
Note. See Appendix A1, section A1.3.3, Table A.84, for the complete results of the 
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Figure 74. Percentage of intrusions by Age group, Span level and Condition in 
the Color Stroop Naming task  
 
From the entries in Table 57 it can be seen that the percentage of intrusions was relatively low in all 
groups and for all conditions. There was even no intrusion at all for the neutral words in the younger 
High Span group. It can be also mentioned here that scores were recorded not only in reading-naming 
misleading situations (incongruent trials and neutral words), but also for congruent trials and for color 
patches. De facto, in these particular cases, intrusions were attributable only to inadequate color 
naming. Additionally, color naming confusions could neither be excluded as a source of intrusion in 
incongruent and neutral words trials. However, provided the fact that color name frequencies were 
balanced across the task, the frequency of color naming confusions was considered constant across 
conditions and thus, not problematic for assessing within-subject effects. It was indeed more 
problematic for between-subject comparisons. 
 
Table 58. Percentage of intrusions as a function of Age group, Span level and Condition in the Color 
Naming Stroop task: Analysis of variance1 






Error F p 
partial 
η2 
Age 1 17.73 83 8.678 2.043 0.157 0.024 
Span 1 19.15 83 8.678 2.206 0.141 0.026 
Condition 3 19.62 249 3.164 6.200 0.001 0.070 
Age * Span 1 1.01 83 8.678 0.117 0.734 0.001 
Age * Condition 3 3.80 249 3.164 1.202 0.309 0.014 
Span * Condition 3 1.61 249 3.164 0.510 0.676 0.006 
Age * Span * Cond.  3 3.21 249 3.164 1.015 0.387 0.012 
Note. 1 The results are reported without a Greenhouse-Geisser correction (ε=.911), given that similar results were obtained with and without 
correction. 2 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples did only significantl differ for 
neutral words, F(3,83)=15.609, p<.001. In all other three conditions, the variances did not significantly differ: incongruents items, F(3,83)=0.333, 





Nevertheless, an ANOVA was conducted on the percentage of intrusions, entering the Group 
(Younger, Older) and the Span Level (High, Low) as a between-subjects factors and the Condition 
(Congruent, Incongruent, Neutral, Patches) as within-subject repeated measures. Results are 
displayed in Table 58 (see also Appendix A1, section A1.3.3, Table A.85 for the results relative to the 
sub-samples). 
 
The results revealed that only the main effect of Condition was significant (although associated with a 
small effect size). This effect was decomposed by means of post-hoc pairwise comparisons by means 
of Tukey HSD tests. The results revealed that the proportion of intrusions was significantly lower for 
neutral words than for congruent (p=.007), incongruents (p<.001) and patches (p<.001). The 
proportion of intrusions was, however, not significantly different between congruent and incongruents 
(p=.703), congruent and patches (p=.773) and between incongruents and patches (p=.175). Aside 
from the main effect of Condition, none of the remaining main effects, and none of the interactions 
were significant.  
 
 
VI.3.5.3. INTERFERENCE AND FACILITATION INDICES 
Interference and facilitation indices were computed to assess, on the one hand, the processing cost 
associated with incongruent stimuli and, on the other hand, the facilitation of processing caused by 
congruent stimuli. As a reminder, indices were computed as relative differences between the median 
times in the condition of interest (i.e. incongruent and congruent) relative to the median times of a 
control condition. 
 
VI.3.5.3.1. RELIABILITY ANALYSES 
Reliability coefficients were computed for each indices defined for the Reading and the Naming task. 
The “split-half method” was applied. Thus, for each index, the relative difference score was computed 
for both the first and the second part of the task. The results of the analyses revealed that overall, 
reliability was not fully satisfactory. Indeed, for the Reading task, the coefficients ranged from 0.00 to 
0.59 for the interference scores and from 0.12 to 0.54 for the facilitation scores. In the Naming task, 
the coefficients ranged from 0.47 to 0.70 for the interference score and from 0.70 to 0.80 for the 
facilitation scores (see Appendix A1, section A1.3.3, Table A.87 for the detailed results in regards of 
interference and facilitation, respectively).  
 
VI.3.5.3.2. DESCRIPTIVE STATISTICS 
Descriptive statistics were performed for each of the indices by Task, Age group and Span level. A 
summary is reported in Table 59 for both the interference and the facilitation scores (the detailed 
descriptive statistics are provided in Appendix A1, section A1.3.3, in Table A.89 for interference and in 




It is quite clear from the entries in Table 59 that both interference and facilitation scores were higher in 
the Naming task than in the Reading task, for which all values were close to zero. In the Naming task, 
the entries in Table 59 suggest that interference was larger for older adults than for older ones. 
Turning to facilitation scores, the descriptive statistics revealed that both in the Reading and the 
Naming task, facilitation was small. 
 
Table 59. Interference and facilitation indices (relative differences) as a function of Task, Age 
group and Span level in the Color Stroop: Descriptive statistics 
  READING TASK   NAMING TASK 
  Interference Facilitation  Interference Facilitation 
Y-HS (N=10) 
 M -0.005 -0.003  0.224 0.069 
 sd 0.030 0.036  0.076 0.074 
Y-LS (N=15) 
 M 0.007 -0.011  0.263 0.004 
 sd 0.038 0.030  0.152 0.078 
O-HS (N=31) 
 M -0.001 0.000  0.335 0.074 
 sd 0.029 0.031  0.117 0.111 
O-LS (N=31) 
 M 0.009 0.003  0.352 0.027 
 sd 0.032 0.033  0.185 0.102 
O-HS (N=10) 
 M 0.002 0.009  0.426 0.102 
 sd 0.017 0.030  0.123 0.115 
O-LS (N=10) 
 M 0.014 0.001  0.325 0.037 
 sd 0.027 0.033  0.082 0.094 
Note. As a reminder, interference is reflected by positive values, facilitation by negative ones. 
 
 
Inferential statistics were meant to specifically address the effect of Age group and Span level on the 
indices computed for the Naming task. These analyses were conducted by means of ANOVAs 
Age*Span, with Age (Younger, Older) and Span (High, Low) as between subject factors. No 
corresponding analyses were conducted for the Reading task, for no hypotheses were made in 




VI.3.5.3.3. INTERFERENCE SCORES: ANALYSIS OF THE NAMING TASK 
The results of the ANOVA, reported in Table 60, revealed a significant main effect of Age, supporting 
the fact that older adults demonstrated more interference (0.344 ± 0.019, M ± SE) than younger ones 





Table 60. Color Stroop Naming task: Interference  score as a function of Age group and Span level: 
Analysis of variance 1 






Error F p 
partial 
η2 
Age 1 0.1741 83 0.022 7.950 0.006 0.087 
Span 1 0.0140 83 0.022 0.640 0.426 0.008 
Age * Span  1 0.0020 83 0.022 0.091 0.763 0.001 
Note. 1 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples were not significantly different 
with: F(3,83)=1.482, p=.225. 2 The results of the corresponding analysis conducted on the subsample is provided Appendix A1, section A1.3.3, 
























Figure 75. Interference score by Age group and Span level in the Color Stroop 
Naming task (means and standard errors) 
 
Finally, the results of the ANOVA using a Group factor with 4 modalities revealed a significant effect of 
Group F(3,83)=2.734, p=.049, MSE=0.022, ηp2=0.090. A priori contrasts revealed a non significant 
difference between younger Low Spans and older High Spans, F(1,83)=2.382, p=.127, MSE=0.022. 
 
 
VI.3.5.3.4. FACILITATION SCORES: ANALYSIS OF THE NAMING TASK 
As concerns the facilitation scores, the analyses were conducted according to the same design than 
that applied for the interference scores, that is by means of an ANOVA Age*Span with Age (Younger, 
Older) and Span (High, Low) as between subjects factors.  
 
The results of the ANOVA (displayed in Table 61) revealed a main effect of Span, indicating that 
overall the High Span individuals demonstrated less facilitation (0.072 ± 0.018, M ± SE) than High 
Span individuals (0.015 ± 0.016). The results also revealed that the main effect of Age and the 





Table 61. Color Stroop Naming task: Facilitation score as a function of Age group and Span level: 
Analysis of variance 1 






Error F p 
partial 
η2 
Age 1 0.0032 83 0.010 0.330 0.567 0.004 
Span 1 0.0544 83 0.010 5.535 0.021 0.063 
Age * Span  1 0.0012 83 0.010 0.123 0.727 0.001 
Note. 1 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples were not significantly different 
with: F(3,83)=0.841, p=.475. 2 The results of the corresponding analysis conducted on the subsample is provided in Appendix A1, section A1.3.3, 
























Figure 76. Facilitation score by Age group and Span level in the Color Stroop 
Naming task (means and standard errors) 
 
To conclude, the results of the ANOVA using a Group factor with 4 modalities are reported. They 
revealed a marginally significant effect of Group F(3,83)=2.287, p=.085, MSE=0.010, ηp2=0.076. A 
priori contrasts revealed a significant difference between younger Low Spans and older High Spans, 
F(1,83)=5.007, p=.028, MSE=0.010 
 
 
VI.3.5.4. SUMMARY OF THE FINDINGS IN THE COLOR STROOP TEST 
The analyses conducted on the Naming and Reading tasks of the Color Stroop test revealed that both 
tasks demonstrated quite good reliability, at least as far as response times were concerned. The 
analyses of response times demonstrated that, overall, there were significant age differences, the 
older adults being slower to respond than the younger ones. Furthermore, it took globally more time to 
name colors than to read words. Finally, the effects of the Task, the Condition and the Age group did 
interact, indicating that the difference in responses times between the Naming and the Reading task 





The results of the analyses conducted for each task separately revealed that older adults took more 
time to respond than younger, both in the Naming task and in the Reading task. In the Reading task, 
the older adults were specifically hampered by the neutral word condition, whereas in the Naming 
task, the incongruent condition was associated with specifically longer naming times in the older 
population. It is noteworthy to mention that in both analyses, the Age*Condition interactions, although 
significant, were associated with small effect sizes (partial η2 of 0.050 in the Reading task and 0.083 in 
the Naming task). To conclude with the analyses conducted on the response times, it may be 
interesting to point out that High and Low Span individuals demonstrated equivalent overall 
performances. Turning to the analyses conducted on intrusions, results revealed that overall, 
participants made few errors. On average few intrusions were made. There were no significant Age 
differences and no significant Span differences on this score. Results revealed a Condition effect, 
thereby suggesting that fewer intrusions were reported in the neutral words condition. However, there 
were not significantly more intrusions in the incongruent condition, as compared to the congruent 
condition and the patch condition. No significant interaction with Age, or Span level was reported. 
Finally, a short comment on the analyses conducted on the interference and facilitation indices is 
necessary at this point. First, the reliability analyses revealed that, contrary to raw response times, 
reliability coefficients were not satisfactory neither for the interference indices nor for the facilitation 
indices, especially in the Reading task. The assessment of the Age and Span effect on the 
interference score reported significant Age effects. However, the effect size associated with the main 
effect of Age was very small (partial η2 of 0.087). No Span effects were reported, suggesting that High 
and Low Span individuals were evenly affected by interference. As concerns the indices of 
facilitations, the pattern of results was less clear cut. Indeed, facilitation scores were associated with 
as positive valence which suggested that there was no facilitation at all. Indeed, it took even more time 
to process stimuli when both meaning and color information were provided simultaneously than when 
only naming was needed. However, analyses further revealed that the Low Span did not 
demonstrated a relative loss due to congruency as high as did the High Spans. Finally, no significant 
main effect of Age were reported for facilitation, suggesting that performance of older and younger 
adults were evenly affected by the presentation of congruent material. 
 
VI.4. GENERAL SUMMARY  
To provide and overall view of the findings, a summary is provided in Table 62, Table 63 and Table 
64. Table 62 reports the results of the 2 × 2 × 2 mixed design ANOVAs conducted with Age Group 
(Younger, Older) and Span Level (High, Low) as between subjects factors and Condition as repeated 
measure. Table 63 reports the results of the 2 × 2 mixed design ANOVA conducted with Group (Y-HS, 
Y-LS, O-HS, O-LS) as between subjects factor and Condition as repeated measure. In both tables, the 
variables considered were measured in tasks in which the demand was manipulated. Table 64 reports 
the results of the 2 × 2  mixed design ANOVAs conducted with Age Group (Younger, Older) and Span 




Table 62. Summary of the findings using the 2 × 2 × 2 mixed design ANOVA: p -values and effect sizes for 
the tasks in which the demand was manipulated 
 PP-Lists PP-Crosses CMT – Size and Brightness Digit Span Corsi Blocks 
Stroop Naming 
time 











ANOVA             
Age 0.921 0.000 0.001 0.540 0.001 0.442 0.001 0.195 0.001 0.273 0.001 0.201 
Span 0.838 0.000 0.145 0.020 0.010 0.067 0.001 0.220 0.001 0.132 0.559 0.004 
Condition 0.001 0.090 0.001 0.178 0.001 0.911 0.001 0.236 0.001 0.093 0.001 0.551 
A * S 0.783 0.001 0.162 0.018 0.014 0.061 0.430 0.006 0.335 0.009 0.450 0.007 
A * C 0.073 0.030 0.143 0.020 0.001 0.415 0.684 0.002 0.319 0.009 0.001 0.083 
S * C 0.929 0.000 0.558 0.003 0.398 0.007 0.083 0.028 0.457 0.005 0.055 0.030 
A * S * C. 0.409 0.006 0.183 0.016 0.680 0.002 0.133 0.021 0.829 0.000 0.703 0.006 
Contrasts             
Y: S * C †  †  .764  .032  .523  0.584  
O: S * C †  †  .363  .859  .689  0.011  
Note. Dependant variables reported: PP-Lists=Proportion of lists correctly recalled in the Paper and Pencil test; PP-Crosses=Number of crosses drawn in 
the Paper and Pencil test; CMT: Mean adjustment time. † Contrasts were not performed. 
 
Table 63. Summary of the findings using the 4 × 2  mixed design ANOVA: p -values and effect sizes for the 
tasks in which the demand was manipulated 
 PP-Lists PP-Crosses CMT – Size and Brightness Digit Span Corsi Blocks 
Stroop Naming 
time 











ANOVA             
Group a .990 0.001 .001 0.548 .001 0.476 .001 0.349 .001 0.366 .001 0.219 
Condition .001 0.090 .001 0.178 .001 0.911 .001 0.236 .001 0.093 .001 0.551 
G * C. .270 0.035 .250 0.037 .001 0.417 .180 0.045 .657 0.015 .001 0.123 
Contrasts             
Y-LS / O-HS  .830  .001  .001  .080  .104  .003  
G * C. .225  .148  .001  .125  .321  .100  
Note. a The factor Group holds four modalities (younger, high span; younger, low span; older, high span; older, low span)  Dependant variables reported: 
PP-Lists=Proportion of lists correctly recalled in the Paper and Pencil test; PP-Crosses=Number of crosses drawn in the Paper and Pencil test; CMT: Mean 
adjustment time. 
 
Table 64. Summary of the findings using the 2 × 2  ANOVA: p -values and effect sizes for the tasks in which 
the demand was not manipulated 
















Age 0.001 0.378 0.001 0.223 0.001 0.344 0.001 0.406 0.006 0.087 0.567 0.004 
Span 0.200 0.015 0.854 0.000 0.010 0.061 0.278 0.012 0.426 0.008 0.021 0.063 
A * S 0.170 0.018 0.878 0.000 0.188 0.016 0.420 0.007 0.763 0.001 0.727 0.001 
Note. Dependant variables reported: Delayed recall=Number of elements correctly recalled; Source memory=Proportion of mismatched correctly recalled; 
Recognition=d-prime; Processing Speed= Mean detection time; Facilitation : Score at the Color Stroop Naming task; Interference: Score at the Color 







Globally, it can be seen from the entries in Table 62 and Table 64 that Age effects are almost 
ubiquitous, denoting a decline in performance in almost all variable considered, to the exception of the 
proportion of lists correctly recalled in the Paper and Pencil Test and the Facilitation score in the Color 
Stroop Naming task. Another element that needs to be highlighted is the omnipresent effect of 
Condition, as shown by the entries in both Table 62 and Table 63. Indeed, in all variables considered, 
increasing the task demand was associated with a overall decrease in performance, supporting the 
assumption that tasks that require dividing attention between concurrent tasks, manipulate information 
to reverse the sequences of items or resist interference from irrelevant information draw more on 
attentional resources than their corresponding control conterparts. As concerns the effect of Span 
Level, a main effect of this factor was reported for the CMT, the Digit Span and the Corsi Blocks (as 
displayed in Table 62), as well as for the recognition task and the Color Stroop interference score (as 
displayed in Table 64). As shown in Table 62, Significant Age × Condition interactions were reported 
for the CMT and the Naming task of the Color Stroop Test, both supporting an overwhelmed difficuly 
of older adults in the more demanding conditions. The overall Span × Condition never reached the 
significance threshold, as displayed in Table 62. However, when assessed separately for each age 
group, the Span × Condition interaction was significant in the younger group, in the Digit Span task 
and for the older group in the Naming Task of the Color Stroop Test. The first one was in the form of 
an interaction in disfavor of the High Spans, for the effect of reversing the digit sequence was larger 
for this group, as compared to the Low Spans. The second interaction was in the form of an interaction 
in disfavor of the Low Spans, with older Low Spans being more affected by the reading interference 






















The aim of the present work was to investigate age and individual differences in working memory 
capacity and their accounts of differences in fluid cognition. By means of an extreme group design, we 
hoped to highlight the distinct and joint influences of these two potential sources of differences to 
account for the cognitive aging phenomenon. Younger and older adults with higher and lower working 
memory spans were provided with a variety of cognitive tasks assessing the ability to coordinate 
concurrent tasks, the recall from short-term and long-term memory, processing speed and resistance 
to interference. This final chapter provides a general discussion of the findings and open to possible 
perspectives for future research.  
 
 
VII.1. GENERAL DISCUSSION 
The discussion of the findings will be organized in the following way. First, some comments will be 
made in regards of the sampling method with respect to the requirements to be fulfilled for ensuring 
the validity and the reliability of the method. Subsequently, the results will be discussed for each task 
separately, starting with the dual-tasks, followed by the short-term memory tasks, the long-term 
memory tasks, the processing speed task and the task assessing resistance to interference. 
 
VII.1.1. VALIDITY AND RELIABILITY OF THE SAMPLING METHOD 
As pointed out in Chapter IV, several requirements need to be fulfilled with respect to the use of an 
extreme group design. A central concern was the effect of confounding variables accounting for the 
group differences that characterize High and Low Span within each age population. Our findings do 
indeed largely discards several possible confounding effects. In the younger population, the only 
significant difference reported between the High and Low Spans concerned the number of years of 
education, associated with one years difference between groups. De facto, all younger adults were 
university students, attending either the first or the second year of the undergraduate cursus. The 
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observed data suggest that most of the High Spans were second year students, while most of the Low 
Span were first year students. These groups might thus differ in terms of familiarity with taking 
experiments within their cursus. Note also that, with respect to age, an average difference of one year 
was also reported between groups, although this difference was not significant. Thus, although 
considering the number of years of education as a confounding variable may not be totally ruled out, 
the observed difference might be also accounted for by sampling bias, and by the small variance in 
the score of concern. Furthermore, younger High and Low Spans did not significantly differ either in 
terms of self-rated health status, or age, as just mentioned. In the older population, High and Low 
spans did not differ in term of age, education and health status. However, High Spans demonstrated 
significantly higher vocabulary scores than Low Spans. The difference was of about 4 points on the 44 
points scale, thus fairly negligible, although significant. Of further interest, findings suggested that 
within each age group, High and Low Span individuals did not significantly differ in terms of processing 
speed. Indeed, with respect to response times measured both in Target Detection task, and in the 
Reading Task of the Color Stroop Test, neither the main effect of Span, nor the Span × Age interaction 
were significant48. Overall, these findings for a large part ensured that the difference between High 
and Low Span individuals could be reliably attributed to differences in working memory capacity rather 
than to differences in variables such as education, simple processing speed or age, particularly crucial 
in the older population since the range in the initial sample was fairly large.  
 
With respect to the distribution of scores, their evaluation showed overall age differences in working 
memory capacity, with older adults demonstrating lower scores than younger adults. Age differences 
seemed also present in the high functioning groups, with older High Spans demonstrating a reduced 
working memory capacity as compared to their younger counterpart. Interestingly enough, the 
distribution of scores of the older High Spans did partly cover that of the younger Low Spans; but a 
closer inspection of the means and confidence intervals around them, suggested that the older High 
Spans had a higher average capacity than younger Low Spans. It appears also, that older Low Spans 
were the most impaired, with a capacity lower than both younger Low Spans and older High Spans. 
The overall pattern of results may be interpreted in regards to the propositions made by the lifespan 
psychology (e.g., Baltes & Singer, 2001; Baltes, Staudinger, & Lindenberger, 1999). Indeed, under the 
biological constraints, the fluid working memory capacity decreases with age. However, some 
individuals may still be able to compensate for biological change and maintain a relative high level of 
functioning. Others, however, are more incline to decline, possibly in the absence of compensatory 
mechanisms. Although individual differences in working memory capacity are believed to be stable, in 
the relative sense, across the lifespan (Schaie, 1984), the increasing impact of biology upon the 
structure underlying cognition may affect to a larger extent individuals that have lesser resources to 
compensate. This assumption is indeed supported by the fact that individual differences in working 
                                                 
48 For confirmatory purpose, independent sample t-tests contrasting high and low span individuals in each age group were 
conducted on selected time variables. The results supported the fact that High and Low Span individuals did not significantly 
differ in terms of processing speed, neither in the younger, nor in the older age group: Color Stroop white words reading time 
(younger: t(23)=.803, p=.430; older t(60)=-1.899, p=.062) and patch naming time (younger: t(23)=-.011, p=.991; older: t(60)=-
1.186, p=.240), the GFT target detection time (younger: t(44)=-.253, p=.802; older: t(54)=-1.537, p=.133), and the number of 
crosses in single condition of the Paper and Pencil Test (younger: t(48)=.583, p=.562; older: t(60)=1.704, p=.094). 
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memory capacity increase with age, the difference between high and low span older adults being 
larger than that reported in the younger age group. 
 
Last, but not least, a third point should be discussed with respect to the validity and reliability of the 
sampling method. It concerns the application of the extreme group design to two different age 
populations, one of them being expected to show differences in the construct measured and further 
used as independant variable. More precisely in our case, older adults, which are believed to 
demonstrate an age-related decline in working memory capacity, are sampled on a variable that 
actually measures this capacity. Thus, the working memory score might be accounted for by age 
(whatever it represents) and by the intrinsic amount of executive attention available. Although this 
point might also apply to younger adults, it may not be such a drawback, because correlations 
between age and working memory capacity are usually low in younger adult population. In the present 
study for example, the correlation between age and the working memory scores was of r=-.02, p=.867 
(N=75), when computed on the total initial sample. To the contrary, in older population, the correlation 
may be higher and even possibly significant, especially when the age range considered is large. In the 
present sample, the correlation between age and working memory capacity was indeed marginally 
significant with of r=-.118, p=.07 in the older sample (N=93). This particular issue further questions the 
problem of confounding variables, the reliability of the measure that is used to build an independent 
variable and the application of an extreme group design in developmental studies. Even more when 
both younger and older adults are included in the experiment. Indeed, age differences were shown to 
be significant with respect to the working memory scores, which points out the fact that younger and 
older adults not only differed on working memory capacity, but also on age. Interstingly enough, 
however, once sampled, age differences within each age group were not significant. This eventually 
rules out part of the problem on the population under investigation, particularly in the older age group. 
Notwithstanding, it does not discard completely the possible confounding effect of age and working 
memory in the comparison between younger and older adults. One possible way to overcome this 
issue would be to run statistical analyses using analyses of covariance (ANCoVA), considering 
working memory performance as covariate. Such analysis would allow to assess the effect of working 
memory capacity and its possible interaction with the variables considered, in particular Age, in 
accounting for cognitive performance. Of additional interest, analyses performed by means of 
ANCoVAs would allow to keep the entire initial population, hence increasing the robustness of the 
analysis (as compared to the one applied in the study). Thus, and for exploratory purpose, ANCoVAs 
were conducted on several measures from the present dataset. The results are detailed in Appendix 
1, section A1.4.  
Globally, the findings were partially congruent with the ones reported using the extreme group design 
and evaluated by means of ANOVAs. With respect to the Paper and Pencil Test, results obtained with 
the ANCoVA mirrored those reported with the ANOVA, entirely for the digit recall (see Appendix 1, 
section A1.4., Table A.93), partially for the Box Crossing (Table A.94). In the latter, the Condition 
effect was no longer significant. With respect to the CMT, ANCoVAs were conducted for the 
adjustment time, separately for the size (see Appendix 1, section A1.4., Table A.95) and the 
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brightness (Table A.96). Overall, the effects were similar to those reported by ANOVA, to the 
exception of the main effect of the covariate which was no longer significant, but notheless 
significantly interacted with Age. As concerns the short-term memory tasks, the results obtained with 
ANCoVA in the Digit Span also partially mirrored those reported with the ANOVA, for the Age effect 
was no longer significant in the latter analysis (Appendix 1, section A1.4., Table A.97). In the analysis 
of the Corsi Blocks, however, results were comparable for the two types of statistical designs (Table 
A.98). For the task assessing recall from long term memory, the two types of analyses lead 
comparable results, for the delayed (Table A.99) and source (Table A.100) recall. However, for the 
recognition task, the main effect of the covariate was not significant (Table A.101.). For the target 
detection task, results were also comparable across ANOVA and ANCoVA (Table A.102). Finally, with 
respect to the interference and facilitation scores computed for the Color Stroop Task, the results of 
the ANCoVA were different from those reported with the ANOVA. As concerns the interference scores 
(Table A.103), none of the effects assessed by ANCoVA reached the significance threshold. As 
concerns the facilitation score, the effect of the covariate was marginally significant (Table A.104). 
Briefly explored, the results provided by either types of analysis were only partially overlapping. 
Further explorations of these discrepancies, as well as of the advantages and drawbacks of either 
types of analyses undoubtedly need further investigation, especially by means of an extensive 
evaluation of the statistical properties of each technique. This is, however, beyond the scope of the 
present work. To conclude on this issue, it might be pointed out that the extreme group design was 
chosen for it allowed to investigate the both qualitative and quantitative differences in cognitive 
processing across groups of individuals that distinguish by their working memory capacity, on the one 
hand, and by age, on the other hand. Thus, above and beyond main effects, the cardinal interest was 
placed on the interactions. And most particularly upon the interactions between either sources of 
differences and manipulations in the attentional demand of the tasks. Unfortunately, however, the 
findings only brought mixed support to the predictions, as further discussed in the following sections. 
 
VII.1.2. DUAL TASK PERFORMANCE 
As concerns dual task performance, we generally expected that older adults would demonstrate 
overall lower performance than younger ones. We also expected that performance would be lower in 
dual condition, as compared to the single one. With respect to differences in working memory 
capacity, we expected that older adults would be more hampered than the younger ones when 
conducting two tasks concurrently. Similarly, we assumed that individuals with lower working memory 
capacity would demonstrate larger difficulties at conducting dual tasks than individuals with larger 
capacity.  
 
With respect to the Paper and Pencil test, results demonstrated a significant effect of Age, but only in 
the Box Crossing task, with older adults drawing a lesser number of crosses than younger ones. To 
the contrary, the proportion of lists correctly recalled was not age sensitive. The absence of age effect 
was indeed expected, at least in the single condition, because lists length were adapted to individual 
performance prior to the task. The effect of age did not interact either with the Span, or with the 
Chapter VII 
General discussion and conclusions 
 267
Condition, for both the proportion of lists correctly recalled and the number of crosses produced. Thus, 
contrary to our predictions, older adults were not more hampered by the dual tasks than were the 
younger ones. This finding was nonetheless in agreement with the ones reported by Baddeley et al. 
either with the same dual paradigm (Baddeley et al., 2001; Baddeley, Della Salla, Gray et al., 1997), 
or with one that used a tracking task adapted to individual performance instead of a box crossing task 
(Baddeley et al., 1991; Baddeley et al., 1986). Indeed, while these authors reported a specific decline 
of the dual task coordination for Alzheimer patients, they failed to report it for healthy older control 
subjects. As concerns the effect of Span, results also failed to demonstrate any significant difference 
between individuals with higher and lower working memory capacity. Furthermore, none of the 
interactions considering this factor were significant, suggesting that individuals with higher and lower 
working memory capacity had performances that did not differ significantly in each of the single tasks 
and that were similarly sensitive to the increase demand associated with the the dual condition. Thus, 
as a whole, the findings reported in the Paper and Pencil task did not support the assumption of a 
particular age-related decrease in the ability to coordinate two concurrent tasks. Furthermore, there 
were no specific effects of individual differences in working memory capacity upon performance in this 
dual task. Rather, the results suggest that the task is affordable even to individuals with few 
processing resources and that the age differences in the box crossing could simply be accounted for 
by an age-related reduction in motor speed.  The overall pattern of results found in the Paper and 
Pencil Test could be explained by the fact that digit recall and the box crossing share only few 
structural similarities, hence making the dual-task poorly demanding in attentional resources (Tsang & 
Shaner, 1998). By considering Baddeley’s framework, is might be assumed that the digit span may 
rely almost entirely upon the phonological loop, while the box crossing may rely for the most part upon 
the visuo-spatial sketch pad. As a result, the implication of the central executive could be minimal. By 
considering Engle’s view (2002; Engle & Kane, 2004), we could argue that the structural dissimilarities 
across tasks may produce only few interference from one task to the other. As a result, and given that 
the two tasks are relatively simple, few executive attention would be required to run them concurrently. 
 
The findings reported in the other dual task considered, that is the Continuous Monitoring, were 
radically different from those reported for the Paper and Pencil Test. Before discussing findings 
relative to the adjustment time, it is worth mentioning that the CMT held a good reliability with respect 
to the response times, but not for accuracy. Additionally, average accuracy was close from 65%  in all 
groups, suggesting that asymptotic performance was reached, as expected from the adaptive 
procedure adopted for the task administration. Now, with respect to the analyses conducted on 
adjustment times, results revealed a significant main effect of Age, showing that older adults were 
slower to adjust the size and the brightness of the stimulus than younger ones. In addition, as 
revealed by a significant main effect of Span and a significant Age × Span interaction, the low spans 
demonstrated a lower performance than the high spans, but only in the older age sample. Indeed, 
while the younger High and Low Spans did not significantly differ, older Low Spans were more 
hampered than the older High Spans. Furthermore, both groups of older adults demonstrated slower 
adjustment times than younger adults. The Type of stimulus also affected performance, with 
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brightness taking more time to adjust than size. This effect was larger for older adults than for younger 
one. Findings from vision research demonstrate that still at a sub-clinical level, age-related alterations 
of the visual system are associated with increased age-related difficulties in shape and contrast 
discrimination and sensitivity (for a review, see Faubert, 2002; Fozard & Gordon-Salant, 2001; B. A. 
Schneider & Pichora-Fuller, 2000). Furthermore, while findings are relatively convergent with respect 
to the age-related decrease in brightness and contrats sensitivity (e.g., Fiorentini, Porciatti, Morrone, & 
Burr, 1996), they are more discrepant with respect to size. The age-related decrease in sensitivity 
mostly affects the accuracy of equality judgment across luminance-defined forms (Sara & Faubert, 
2000), but leaves quite unaffected discrimination of angular size (Bowman & Brown, 1989). Provided 
these results, and given that adjustment times depends on stimulus feature discrimination, it may be 
assumed that the task is more difficult for older than for younger adults. Accordingly, it may draw on 
more resources, which could further account for the significant Age × Condition interaction, showing 
that, with respect to single tasks, older adults experience larger difficulties in dual tasks than younger 
ones. This pattern was found both for size and for brightness adjustment, respectively. Additionally, 
this interaction was also significant when only the younger Low Spans and the older High Spans were 
considered. This latter finding is particularly interesting because it demonstrates that individuals that 
differ by age, but not by working memory capacity, may nonetheless have a poorer performance. This 
suggests that the aging process may alter a function that makes the task more difficult for older than 
for younger. Again, this might be caused by the age-related decrease in the ability to discriminate size 
and brightness.  
Overall, these findings suggest that age, rather than span, accounts for differential performance 
across participants. This is also supported by the findings reported in regards of the cognitive cost 
scores. Indeed, a significant main effect of Age was reported, suggesting than dual task costs were 
larger for older adults than for younger. This pattern was found irrespective of the type of cost score 
considered. However, the main effect of Span was not significant, and neither were the Age × Span 
interactions. The latter finding is contradictory to the ones reported by means of ANOVA that 
demonstrated a larger impairment for older low spans as compared to all other groups. Thus, 
controlling for baseline performance attenuates the span differences reported in the older groups on 
raw measures. It suggests that some difference that were already present at baseline may account for 
the difference observed in dual condition. Again, we suggested that above and beyond the effect of 
individual differences in executive attention, the patterns of results reported for older adults might be 
better accounted for by an additional age-related decrease in higher order visual processing allowing 
to discriminate size and brightness, both largely involved in the task. As a result, the task become 
more difficult for the older adults than for the younger ones and consequently draws more upon 
attentional resources. Finally, it is also possible that the structural similarity between the input and 
response modalities across the two tasks affect performance and increase interference in dual 
situations. It this were the case, it would only affect older adults, because no significant differences 
were reported between high and low younger individuals. Ultimately, it might be assumed that the age-
related decrease in visual discrimination would be associated with larger interference effects from one 
task upon another. Consequently, the dual task would draw more upon attentional resources in older 
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subjects than in younger ones. To conclude on this task, an important point should be made. At first 
sight, one could argue that the age differences in the CMT might be accounted for by an age-related 
decrease in processing speed. We would plead against this interpretation, although age-related 
differences in processing speed can not totally be ruled out. De facto, while there was significant age 
difference in the adjustment time in single tasks, this difference did not account for the specific age-
related decrement in performance reported in the dual condition. Indeed, a main effect of Age was 
significant on the cost scores, indicating that age differences subsisted above and beyond the 
differences already present in the single tasks. Thus, we will preferentially call for an are-related 
increase in the need for attentional control to account for the observed findings. It remains unclear, 
however, whether this increase might be associated with larger effects of individual differences in 
working memory capacity in older adults. Indeed, although results from the ANOVA would suggest 
than older adults with lower working memory capacity are even more hampered than their high span 
counterparts, analyses performed on the cognitive cost scores lead to contradictory outcome. Such 
contrary results may come from the large variability of performances found in the older low span 
group. 
 
VII.1.3. SHORT-TERM MEMORY 
As concerns the short-term memory task, we made the hypotheses that older adults should 
demonstrate lower performances than younger ones. In addition, it was assumed that High Span 
individuals would demonstrate better performance than Low Spans. Finally, it was expected that 
performance would be reduced in the backward condition, as compared to the forward one, and that 
this difference may be larger for the older than for the younger, on the one hand, and for the Low Span 
than for the High Spans, on the other. We also envisaged that High Span individuals would rely on 
specific strategies in the forward condition of the Digit Span task that could be no longer relevant in 
the backward condition. Hence, an interaction in disfavor of the High Spans was expected for the 
younger adults in the Digit Span. 
 
Results provided mixed support to the hypotheses. In the Digit Span task, the results revealed that 
overall, older adults had smaller spans than younger ones. This finding is consistent with findings 
reported in the literature showing reliable, although sometimes small, age effects in the forward digit 
span (e.g., Karakas, Yalin, Irak, & Erzengin, 2002; Salthouse & Babcock, 1991; Verhaeghen et al., 
1993a). These age-related difference were attributed either to an age-related slowing of the rehearsal 
mechanisms (see van der Linden, 1994, for a review of age-related changes in the phonological loop) 
or to an age-related reduction in the use and/or the efficiency of mnemonic strategies applied to 
maintain the verbal material (e.g., Jackson & Schneider, 1982). As concerns the backward span, 
findings from the literature demonstrated that older adults have almost constantly lower backward 
span than younger (e.g., Babcock & Salthouse, 1990; Verhaeghen et al., 1993a) and this difference 
has been usually accounted for by larger storage costs resulting of an age-related decrement in 
processing efficiency (e.g., Babcock & Salthouse, 1990). Aside from age differences in performance 
found either in the forward or in the backward condition, the results failed to support the assumption 
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that older adults were more hampered than younger ones when reversing the sequence. Although 
contrary to the predictions, these findings are in lines with those reported by Myerson, Emery et al. 
(2003). The authors used reconstructed digit span scores reported in the American version of the 
WMS-III (Wechsler, 1997c) for 1050 individuals aged 20 to 89. Myerson, Emery et al. (2003), 
demonstrated that performance in the forward and the backward digit span declined with increasing 
age, as we did. They also reported that the slopes of the regression lines between age and 
performance were not significantly different between the forward and the backward digit span, 
suggesting that older adults were not more hampered than younger by the backward condition 
(Myerson et al., 2003). Similar results were reported with the WAIS-III task by Park et al. (2002) in an 
experiment conducted on 345 people aged 20 to 92 and by Gregoire and van der Linden (1997) with a 
French version of the WAIS-III task (Wechsler, 1997a) conducted on a sample 1000 individuals aged 
16 to 79. Thus, although initially not predicted, the pattern of results failing to demonstrate a specific 
age-related decrease in performance associated with reversing the digit sequence was congruent with 
several findings reported in the literature. 
Aside from the Age effects, we further predicted that High Spans would outperform Low Spans. 
Results indeed confirmed this prediction, with a significant main effect of Span. However, this factor 
did not interact either with Condition, or with Age, which suggested that globally, individual differences 
in working memory capacity were not associated with differential performance, either across age 
groups, or across conditions. As concerns the latter, results from a priori contrasts suggested that the 
individual differences in working memory capacity did not participate to a selective differences in 
performance associated with reversing the sequence, but only in the older adult population. An 
interaction in disfavor of the High Spans was indeed reported in the younger sample. This finding 
supported the assumption according to which High Spans engage some type of strategy – most 
probably chunking – in the forward condition which is no longer relevant or useful in the backward 
condition. Thus, High Span younger adults outperform Low Span ones in the forward condition, but 
their performance is more likely to drop in the backward condition, reaching that of the Low Spans in 
this particular condition. Hence, the relative loss of performance is larger for High Spans than for Low 
Spans. Interestingly enough, this pattern was not found in the older group. Indeed,  the decrease in 
performance associated with the requirement of reversing the sequence was similar for High and Low 
Span older individuals. Consequently, it might be argued that neither group of older adults 
spontaneously uses an attentional costly strategy to conduct the forward digit span. This interpretation 
is further supported by the results of the a priori contrasts revealing that older High Spans did not 
significantly differ from younger Low Spans. Thus, the results suggest that younger High Spans apply 
an attention demanding strategy in the forward condition, while their Low Span counterparts and both 
groups of older apparently did not. The use of such a deliberate strategy appears to be function of the 
amount of available resources in the younger (e.g., Dempster & Zinkgraf, 1982), but also of age 
differences, since older adults with larger attentional capacity no longer use it. Finally, the overall 
pattern of age-related differences is consistent with other findings from the literature demonstrating 
that older adults have shorter spans than the younger, but that they are not more hampered by the 
requirements of reversing the digit sequence (e.g., Grégoire & van der Linden, 1997; Myerson et al., 
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2003; Park et al., 2002; Wechsler, 1997a, but see Babcock & Salthouse, 1990 or Groeger, Field, & 
Hammond, 1999).  
 
As concerns the findings reported for the Corsi Blocks, the results demonstrated a fairly similar pattern 
than the one reported for the Digit Span. Indeed, older adults showed overall smaller tapping 
sequences than younger adults. Furthermore, High Spans had overall better performance than Low 
Spans. Finally, the number of elements recalled in the backward span was smaller than that reported 
in the forward condition. So far, the results were congruent to the predictions. However, contrary to the 
hypotheses, older adults were not more hampered than younger ones in the backward condition. And 
neither were the Low Spans as compared to the High Spans. With respect to the findings reported in 
the literature, the significant Condition effect reported in the present study is somewhat surprising. 
Indeed, most of the findings show that the difference in performance is not significantly different 
between ascending and descending recall (Berch & Foley, 1998 cited in Berch, Krikorian, & Huha, 
1998; Fischer, 2001; Isaacs & Vargha-Khadem, 1989). However, although the Corsi Blocks and close 
variants of this task have been widely applied and discussed in the literature (see Berch et al., 1998, 
for a review), only few report a direct comparison between the two condition (Berch & Foley, 1998 
cited in Berch, Krikorian, & Huha, 1998; Fischer, 2001; Isaacs & Vargha-Khadem, 1989). Hence, the 
discrepancy between our findings and those already reported by others need to be taken with caution. 
As concerns the effect of Age upon performance, our findings are congruent with those reported by 
Myerson, Emery, White and Hale (2003) and Park et al., (2002), as examples. Indeed, these authors 
reported that older adults demonstrate overall shorter tapping sequences than younger ones. In 
addition, and although contrary to our initial assumption but congruent with our findings, both Myerson, 
Emery, White and Hale (2003) and Park et al., (2002) failed to demonstrate a specific age-related 
impairment in the backward condition. To conclude on this issue, it should be mentioned that contrary 
to the pattern of results observed in the younger adults population for the Digit Span, there were no 
reliable Span × Condition interaction in the Corsi Blocks, neither in the younger, nor in the older 
population. This suggests that although individual differences accounted for differential performances, 
with Highs Spans producing overall longer sequences that Low Spans, no qualitative differences in 
task resolution could be inferred from the findings. 
 
 
VII.1.4. LONG-TERM MEMORY 
The predictions made in regards of the long term memory tasks mainly concerned Age effects. 
Indeed, in all tasks, we predicted an age-related decrease in performance. Results from the delayed 
recall task supported the predictions. Indeed, older adults recalled significantly less elements than did 
younger adults, a finding that is congruent with those usually reported in the literature (e.g., Craik, 
1983). Although we have no means to further investigate this issue, it should nonetheless be 
mentioned that two broad types of interpretations have been proposed to account for age differences 
in free recall. The first, proposed by Craik et al. (e.g., Craik & McDowd, 1987; Craik & Simon, 1980) 
suggests that older adults have more difficulties retrieving information because they are less able to 
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engage self initiated processes to compensate for the lack of the contextual information given in the 
recall tasks. The second interpretation has been proposed by Hasher and Zacks (e.g., Hasher & 
Zacks, 1988) and refers to an age-related decline in the ability to resist interference. According to this 
assumption, older adults would keep more irrelevant information in working memory and 
consequently, would have less space available for task-relevant ones. Operationally, evidence for this 
assumption may be brought by an age-related increase in the number of intrusions. Unfortunately, in 
the present experiment, the number of intrusions was to small to be reliably analyzed by means of 
inferential statistics; notheless, given their small number, we might think that in the present task, there 
is fewer evidence supporting the inhibition-reduction interpretation, than the context retrieval one. 
Notwithstanding, we could argue that either call ultimately on an age-related decrease in executive 
attention. With respect to individual differences in working memory capacity, results concerning the 
free recall task failed to demonstrate any significant effect of this factor upon performance. Indeed, 
neither the main effect of Span, nor the Age × Span interaction were significant. However, as 
mentioned earlier in the section describing the hypotheses (see p. 173), no specific effects of the Span 
level were expected. As a reminder, individual differences in attentional control were meant to be 
relevant with respect to the type of strategies applied at encoding. Since encoding instructions were 
driven towards shallow strategies, rather than more elaborative ones, no specific effects of Span were 
predicted. Finally, it may be mentioned that the results of the a priori contrast conducted to compare 
younger Low Spans and older High Spans revealed a significant difference between the two groups. 
Interestingly, this difference was in favor of the younger Low Span individuals, which suggested that 
although older individuals have comparable, or even larger attentional capacity, they still demonstrate 
lower performances. Again, given that the encoding instructions were directed, these differences 
should not be accounted for by differences in the type of encoding strategy applied. More probable, 
however, is an age-related difference in the ability to recollect information from long-term memory, as 
suggested by Craik (e.g., Craik, 1983). Indeed, we might eventually postulate that given that the aging 
process may be associated to a dedifferentiation at the brain level, the memory traces might be fuzzier 
in older adults than in younger ones, irrespective of their absolute level of executive attention. 
Consequently, larger interference may occur, and/or more attentional control is required for 
recollection. The task would thus become more difficult for older High Spans than for younger Low 
Spans, it would require more attentional resources and hence, a smaller number of elements could be 
recollected with a comparable, or even higher pool of available attentional resources. 
 
As concerns the source memory tasks, results also supported the predictions by revealing significant 
age-related differences in disfavor of the older adults. Indeed, less mismatches were recalled by older 
adults than by younger ones. As for the free recall task, the main effect of Span and the Age × Span 
interaction were not significant, suggesting that individual differences in working memory capacity did 
not account for performance. Furthermore, as for the free recall task, younger Low Spans 
demonstrated higher performance than High Span older adults despite of a slightly smaller pool of 
attentional resources. Again, we would favor the brain dedifferentiation hypothesis to account for the 
observed differences. Interestingly enough, however, the analyses of the number of mismatches 
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initially found revealed that older adults, and particularly Low Span ones, reported a lesser number of 
mismatches. This might indeed suggest that although encoding instruction were shallow-driven, 
participants nonetheless differed in the efficiency with which the image serving as stimulus for the 
encoding was processed. However, when the proportion of mismatches was considered, thus 
controlling for the number of mismatches initially detected, the age differences in recall remained, but 
the difference between High and Low Span older adults was no longer significant. This discrepancy is 
fairly striking for it suggests that although Low Span older adults detect less mismatches at encoding, 
they nonetheless recall, on average, an even proportion than do older High Spans. Said differently, 
the relative loss is larger for older High Spans. We currently have no interpretation to this finding. 
To conclude on the tasks assessing long-term memory performance, we briefly discuss the findings 
for the recognition task. As for the two previous ones, a significant effect of Age was reported, hence 
supporting the prediction that older adults demonstrate lower performance in recognition than younger 
ones. Because performance was indexed by a d-prime value, that reflects the number of hits in 
regards of the number of false alarms, we could interpret this findings as an age-related decrease in 
the ability to inhibit irrelevant information. Indeed, smaller d-prime values, as held by older individuals 
as compared to younger ones, do reflect a higher number of false alarms (i.e. task-irrelevant 
responses), in the face of the number of hits (i.e. task-relevant responses). In this particular case, the 
findings support the assumption of an age-related decrease in inhibition. Interestingly enough, the 
Span effect was also significant and the results supported the fact that Low Span individuals had lower 
performances than High Span ones. However, the effect of individual differences in working memory 
capacity was mainly driven by the difference between High and Low spans in the older age sample. 
Provided also that older High Spans had a significantly lower d-prime value than the younger Low 
Spans, we suggest that, as far a recognition is concerned, the pattern of results could be accounted 
for by an age-related difference in the ability to access the relevant information in long-term memory 
and recall it in the face of interference. Indeed, as for the two previous tasks assessing long-term 
memory performance, we suggest that age affects the quality of memory traces, independently of the 
amount of resources available. This would account for the age differences in performance. However, 
and especially in older adults, the performance ultimately depends on the ability to recollect these 
representations in the face of interferent cues provided by the lures. 
From the results reported in the tasks assessing working memory we could eventually hypothesize 
that aging is associated with an impairment in the integrity of the representations maintained in long-
term memory. It is further postulated that the “fuzziness” of the memory traces could be due to an age-
related dedifferentiation at the brain level. Hence, age differences would not be entirely due to an age-
related decrease in working memory capacity, but to the relative requirements of the tasks in drawing 
upon these resources. Indeed, more attentional resources would be needed to recollected degraded 
traces than integrated ones. Furthermore, individual differences in executive attention become even 
more crucial when interfering material needs to be inhibited, while at the same time, recollection is 
made more difficult by the loss of integrity of the representations held in long-term memory. We will 
come back on this issue in the general discussion. 
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VII.1.5. PROCESSING SPEED 
As concerns processing speed, assessed with the Target Detection task of the GFT, we predicted that 
older adults would demonstrate slower detection times than younger adults. We did not expect any 
differences associated with individual differences in working memory capacity. The results indeed, 
supported our predictions. Overall, older adults were significantly slower to detect the targets than 
were the younger adults. There were no significant differences accounted for by the Span level, and 
the Age × Span interaction was not significant. As already many times acknowledged in the literature 
(e.g., Birren & Fisher, 1995; Cerella, 1985; Cerella et al., 1980; Salthouse, 1996; Verhaeghen & 
Salthouse, 1997; Welford, 1958), the age-related decrease in processing speed is a feature that is 
characteristic of the aging process. Differences in attentional control do probably not participate, or 
only little,  to performances in choice reaction time tasks such as that used in this experiment. 
 
VII.1.6. RESISTANCE TO INTERFERENCE 
The last task to be discussed is the Color Stroop Task, meant to assess resistance to interference. 
With respect to this task, we made the following predictions. First, we expected the Reading task to be 
associated with shorter response times than the Naming task. Second, we expected age-related 
difference in naming times, that would be larger in incongruent conditions, as compared to control 
conditions. Third, we expected the differences between individuals with smaller and larger working 
memory capacity to be larger in incongruent conditions as compared to control conditions. The two 
latter predictions were based on the assumption that age- and individual differences in executive 
attention would account for differences in the ability to suppress the irrelevant reading prepotent 
response triggered by stimuli in which reading and naming processes needed to compete. 
 
The results, globally, supported our predictions. The results of the analysis conducted to assess the 
Task effect on response times demonstrated that responses were faster in the Reading task than in 
the Naming task. This finding is congruent with results commonly reported in the literature (e.g., J. M. 
Cattell, 1886; Lindsay & Jacoby, 1994; see also MacLeod, 1991) that were attributed to the fact that 
for adults who developed reading skills, naming is a process that is less automatized, or more 
volitional,  than reading and hence associated with longer response times.  
The difference between naming and reading times was larger for older that adults than for younger 
ones. Aggregated means in the Naming task were of 673ms for the younger adults and 827ms for the 
older adults. Corresponding means in the Reading task were of 481ms and 549ms, for the younger 
and the older respectively. Thus, the age difference in response times was of about 68ms for the 
Reading task and of 154ms for the Naming task, corresponding to an increase of about 1.45 times. 
Given that aging is associated with a slowing factor of about 1.5 (e.g., Cerella, 1985; Verhaeghen et 
al., in press), the observed age-related difference could undoubtedly solely be attributed to age-related 
general slowing. The results also revealed a significant Task × Condition interaction which was 
attributed to a specific increase in the response times for incongruent items in the Naming task, 
relative to the Reading task. This finding supported the fact that reading interferes more with naming 
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than the reverse, again suggesting that reading is more automatized than naming. Finally, results 
showed that the specific increase in reaction times in the incongruent condition of the Naming task 
was larger for older adults than for younger ones, thus providing support to the assumption that older 
adults are less prone to resist interference than younger adults. Interestingly, no significant effect of 
Span level was reported. We shall come back on this issue when discussing each task separately. As 
a whole, the results from the task analysis supported the fact that reading is a process than is more 
automatized than naming, and that older adults, due to an age-related slowing take more time than 
younger ones to name the color than to read the words. 
Further analyses were conducted to investigate each Task separately. As concerns the findings 
reported for the Reading task, results showed a main effect of Age, supporting the fact that reading 
words took longer for older adults than for younger ones. Again, this difference was attributed to an 
age-related decrease in processing speed. Results also revealed a significant effect of Condition 
which was accounted for by longer response times for neutral words as compared to other conditions. 
This effect was larger for younger adults than for older ones. These findings are comparable to those 
reported by Spieler, Balota and Faust (1996) and may suggest either that the color interferes with 
reading, or that the neutral words were not well matched to the color names. Note also that neither a 
significant Span effect, nor a significant Span × Condition interaction were reported on the Reading 
task, suggesting that working memory capacity does not account for the data. In the same vein, the 
results of the a priori contrast conducted to compare performance of the younger Low Spans and the 
older High Spans revealed that older were significantly slower to respond than younger individuals, but 
the Group × Condition interaction was not significant, which suggested that the pattern of response 
times reported across conditions was similar for either the younger Low Spans or the older High 
Spans. Again, this was a supportive evidence for a specific age-related decline in the speed of 
reading, independent of any differences accounted for by differences in working memory capacity. 
With respect to the Naming task, it should be first mentioned that a small number of intrusions was 
reported and that overall response accuracy was large. Contrary to our predictions, neither a 
significant effect of Age, nor a significant effect of Span were reported on this score. Thus, contrary to 
others, we failed to demonstrate reliable differences in the ability to temporarily maintain the task goals 
either across age groups, or across individuals with different working memory capacities (Kane & 
Engle, 2003; Long & Prat, 2002). As concerns the response times, results first revealed that older 
adults were slower to name the color than were younger adults. Results further revealed, that, as 
expected, response times were longer in the incongruent condition as compared to the other 
conditions, which supported the assumption of an increase of interference associated with the reading 
prepotent response. This interference effect was reliable for both younger and older adults, but was 
significantly larger for the latter age group. This finding was congruent with results reported in the 
literature (e.g., Cohn et al., 1984; Houx et al., 1993; West & Alain, 2000) and supported the 
assumption of an age-related decrease in the ability to inhibit the reading prepotent response (Hasher 
& Zacks, 1988). In addition, the age-related increase in interference remained when baseline 
performance was controlled for, as demonstrated by the significant Age effect on the interference 
score. Thus, contrary to Salthouse and Meinz (1995) or Verhaeghen and De Meersman (1998b) who 
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accounted for the age-related increase in interference mainly by an age-related increase in processing 
speed, our results acknowledge an age-related specific deficit in inhibitory processes, over and 
beyond the age-related slowing.  
As concerns the effect of Span level, results failed to demonstrate any reliable effect, either on the 
response times, or on the interference score. However, Span differences were reported on the 
facilitation score, but in an unexpected way. Indeed, while High Spans had higher facilitation scores 
(denoting a relative decrease in response times in congruent items relative to patches), Low Spans did 
not benefit at all from the congruency between the color-word name and its printed color. The pattern 
was similar in both age groups. The pattern of results associated with the Span factor was indeed 
contrary to our predictions and failed to replicate findings from the literature showing that individuals 
with lower working memory capacity demonstrate larger difficulties in the temporary maintenance of 
the task goals, were more susceptible to interference and showed larger facilitation effects (Kane & 
Engle, 2003; Long & Prat, 2002). Finally, it should be mentioned that the results of the a priori 
contrasts conducted to assess the difference in performance between younger Low Spans and older 
High Spans demonstrated that although older individuals were slower to respond, there were no 
significant differences between the two groups with respect to their susceptibility to interference. 
Indeed, younger Low Spans and older High Spans had equivalent interference effects. Interestingly 
enough, given the assumption that executive attention is involved in the control of interference, we 
could have expected Low Spans younger to demonstrate larger interference effects than older High 
Spans. The failure to demonstrate reliable differences across groups may be attributed to the fact that 
older adults being slower, a larger amount of attentional resource is needed to achieve comparable 
inhibition of irrelevant information. 
All together, the findings from the Color Stroop task supported the prediction made in regards of the 
age-related increase in the susceptibility to interference. Indeed, although older adults demonstrated 
overall slower response times, the findings could not be accounted for only by a general age-related 
slowing, but by an additional and specific deficit in the ability to inhibit prepotent responses. However, 
the findings failed to support the hypotheses made with respect to individual differences in working 
memory capacity. Indeed, overall, High and Low span individuals demonstrated similar patterns of 
performances. This discrepancy of findings relative to age differences on the one hand, and individual 
differences in working memory capacity on the other, suggest that some characteristic associated with 
the aging process may specifically affect the ability to resist interference. We suggested above, with 
respect to the findings reported for the CMT and the task assessing long-term memory retrieval, than 
age could be associated with a dedifferentiation of functions at the brain level. This phenomenon 
would in turn make the task more demanding in attentional resources for older adults than for younger 
ones. It might be that a similar account could be called upon to explained the age difference reported 
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VII.2. CONCLUSIONS AND PERSPECTIVES 
With respect to the age effects upon cognitive performance, the findings from the present experiment 
were largely congruent with those reported in the literature by showing that age differences in 
cognitive fluid abilities are ubiquitous (Baltes & Mayer, 1999; Craik & Salthouse, 2000; Salthouse, 
1991c). In the present work, age differences were reported in nearly all the tasks considered. Age-
related decline in performance was reported in single and dual tasks, in verbal and spatial short-term 
memory recall, in episodic retrieval and in the ability to resist interference. Findings were also 
convergent with the literature in demonstrating that processing speed declines with age, which is often 
considered as the primary account of the age-related decline in cognition (Salthouse, 1993, 1996).   
 
Notwithstanding, although older adults demonstrated lower performances in virtually all the tasks 
considered, results only partially supported the assumption of a specific age-related impairment as a 
function of the increase in task demand. Specific age-related decline was reported in the Continuous 
Monitoring Task and in the Color Stroop Naming task, the first suggesting that older adults are more 
hampered than younger ones in dual task coordination, and the second supporting the age-related 
decline in the ability to resist interference. To the contrary, in the Paper and Pencil Test, older adults 
were not more hampered than younger ones by the coordination of two simple concurrent tasks. 
Similarly, older adults did not demonstrate overwhelmed difficulties in short-term verbal and spatial 
recall when the task additional required to revert the sequence. Overall, though, these discrepancies 
simply mirror those found in the literature (see de Ribaupierre & Ludwig, 2000; 2003, for a discussion 
on this issue). 
 
With respect to individual differences in working memory capacity, the findings reported in this work 
were mixed in regards of their account of cognitive fluid performance. At first sight, and as concerns 
younger adults, the only task in which individual differences in working memory capacity accounted for 
differential pattern of performance was the Digit Span task. Indeed, in this task High Spans 
demonstrated a relative larger impairment of performance than did Low Spans when required to revert 
the digit sequence. This particular pattern of behavior was accounted for by different strategies applied 
by either groups of individuals. High Spans were meant to engage an attention demanding chunking 
strategy in the forward condition that was no longer relevant when the sequence needed to be 
inverted. To the contrary, Low Spans were not meant to recruit such strategies and consequently did 
not undergo a comparable decrease in performance in the backward condition. Thus, in the Digit 
Span, qualitative processing differences were reported between younger High and Low Spans 
individuals. This finding of qualitative differences between High and Low spans can be related to those 
reported by Conway, Tuholski et al. (1999) or by Rosen and Engle (1997). Furthermore, younger High 
and Low Spans also demonstrated differential performance in the Corsi Blocks. In this task, however, 
the High Spans outperformed the Low Spans, but the difference remained comparable across both 
conditions of the task. Aside from these two tasks, and in the younger adults population, individual 
differences in working memory capacity did not account for differences in cognition. Thus, contrary to 
our initial expections, and aside from the short-term memory tasks, we did not replicate the findings 
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suggesting that the individual differences in working memory capacity account for individual 
differences in tasks requiring selective attention and executive, controlled processing.  
The findings provided a somewhat similar picture in the older population. Indeed, High and Low Span 
older adults differed in the Digit Span and the Corsi blocks, with High Spans demonstrating an overall 
better recall than low spans, but the difference between the two groups did not vary as a function of 
the task demand. High and Low Span older adults also demonstrated different performances in the 
CMT, in which older Low Spans were selectively more hampered than the High Spans in the 
coordination of the two concurrent tasks. Thus, overall, the expected pattern of differential behavior 
between the High and Low Spans individuals associated with an increase in task demand was 
reported exclusively in the Digit Span for the younger adults and exclusively in the CMT for the older. 
Thus, as a whole, individual differences in working memory seemed not to account for as much effect 
as initially predicted. These unexpected findings may stem from the fact that working memory 
performance did not demonstrate sufficient variability, either because all participants were, on 
average, well educated individuals, and/or because the tasks used to assess working memory were 
not sensitive enough to differences in capacity. With respect to the first account, an alternative would 
be to replicate the experiment using a community based, more heterogeneous, sample of individuals, 
rather than a fairly homogeneous one, restricted to university students for the younger and to people 
taking classes at the Université du 3ème Age for the older. As concern the task sensitivity, alternatives 
would consist in modifying the working memory tasks in order to increase the performance variability 
to be more sensitive to differences in capacity. Ways of doing so in the Reading Span would be to add 
higher levels of difficulty (i.e. longer sentence sequences), use longer sentences (e.g. Daneman & 
Carpenter, 1980) or vary the grammatical complexity of sentences (e.g., Gick et al., 1988). In the 
Matrices Double Verbal task, complexity might be increase by enlarging the matrix size, providing 
words with more syllables, and/or by leaving less time for encoding (for a discussion on these issues, 
see Jouffray, 2005; Lecerf, 1998).  
 
However, further interesting findings were brought from the comparison between younger Low Span 
individuals and older High Span ones. In the present work, the older group demonstrated working 
memory scores that were overlapping with, if not higher than those of the younger group. Thus, 
although older, we assumed that they had at least comparable executive, attentional resources. 
Notwithstanding, group differences in disfavor of the older were fairly systematically reported. Those 
were found in the Box Crossing task, in the CMT, in the Color Stroop task. It could be argued that 
these tasks do engage speeded components, and thus, that the specific age-related decrease in 
performance reported for the High Span older adults could be simply attributed to an age-related 
reduction in processing speed. De facto, this interpretation can not fully be discarded. However, we 
argue that processing speed may not be the unique account of the observed differences. First 
because differences in disfavor of the older High Span individuals were also reported in tasks in which 
processing speed was assumed to have a lesser effect, namely the three tasks assessing recall from 
long-term memory. Furthermore, and bearing in mind a possibly larger attentional capacity in the older 
group, a lack of significant differences in performance of the two groups was reported in some of the 
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tasks, namely the Digit Recall subtask of the Paper and Pencil Test (in which indeed was expect for 
performance was individually adjusted), the Digit Span task, the Corsi Blocks task. In these tasks, and 
particularly in the two short-term memory ones, larger executive attention was expected to be 
associated with a significantly better performance. Results did not support this prediction. Thus, the 
comparison between the younger Low Spans and the older High Spans did suggest that aging affects 
cognition in a way that is not restrictable to the absolute working memory capacity available to the 
individual, but to differences in either the efficiency with wich controlled processing is used and/or to 
the relative demand placed by the task, for younger adults on the one hand, and for older ones, on the 
other hand.  
 
Indeed, we proposed earlier to account for these findings by the fact that for older adults, the tasks are 
more resource demanding than for younger ones. This assumption indeed corresponds to the 
“cognitive permeation hypothesis” proposed by K. Z. H. Li and Lindenberger (2002) which was pointed 
out in the first Chapter. As a reminder, the cognitive permeation hypothesis states that increasing age 
is associated with an increased attentional demand placed by the tasks. In other words, any given task 
requires more attentional resources from older adults than from younger ones to be completed. This 
hypothesis was recently related to the “common cause hypothesis”  by K. Z. H. Li and Lindenberger 
(2002, see also S.-C. Li, Aggen, Nesselroade, & Baltes, 2001 or S.-C. Li, Lindenberger, & Sikström, 
2001) in the shape of a multi-level model. As a reminder, the “common cause hypothesis”, calls upon 
a biological ill-defined third variable that could account for the age-related psychometric 
dedifferentiation and the age-related increase in inter-domain and inter- modality correlations.  
 
K. Z. H. Li and Lindenberger (2002) proposed that sensory and cognitive functions decline onsets 
early in adulthood, in an imperceptible manner under biological constraints. Further, they suggest that 
a progressive adaptation to these functional losses is possible. This adaptation is meant to take two 
distinct forms. The first, at the behavioral level, implies modifications in the attentional allocation or 
processing strategies. The second, at the biological level, implies a neurofunctional reorganization, 
which might appear paradoxical in regards of the co-occurring neural decline. Finally, the multi-level 
model accounts for more permanent changes at the level of the neural circuitry by rather stable 
modifications that initially occurred at the behavioral level as a consequence of neurofunctional loss. 
The model, however, does not specify how the biological constraints initially characterize the 
neurofunctional loss.  
 
Based on our own findings, and more precisely, on those from the CMT and the long-term memory 
tasks, we shall make some additional propositions to the multi-level model. In the previous section, we 
hypothesized that the age-related decrease reported in this dual task could be accounted for by an 
age-related decrease in the ability to discriminate size and brightness. With respect to the multi-level 
model, neurofunctional loss might be possibly responsible for the decrease in this ability. We further 
hypothesized that the neurofunctional loss would lead to some dedifferentiation at the brain level, 
making the associative areas, and particularly those posterior ones, less specialized or less modular 
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with respect to singular types of processing. We further postulated that, as a result the representations 
would be fuzzy, or not fully integrated, which may, as a consequence, lead towards an increase in the 
interference across sensory and/or memory representations. These latter assumption may be related 
to recent propositions made by S.-C. Li, Naveh-Benjamin, & Lindenberger (2005) or by Braver et al. 
(Braver & Barch, 2002; Braver et al., 2001) suggesting that the age-related decline in the 
dopaminergic system would affect the efficiency of the hippocampal binding function. Finally, we 
proposed that cross-over interferences being larger, more attentional demand is necessary to 
adequately recollect and/or use the sensory/memory representations. In this respect, older adults 
would indeed need more attentional resources than younger ones to achieve a similar task, which is 
conform the “cognitive permetation hypothesis”. Moreover, given that neurofunctional adaptation may 
occur, some individuals may benefit from compensatory mechanisms, as those postulated by Cabeza 
(2002) in the HAROLD model and taking the form of an increase in the controlateral recruitment of 
prefrontal homologous frontal areas. Indeed, this bilateral recruitment may be the neurofunctional 
reflect of the increase in attentional recruitment.  
 
Although still very hypothetical, our tentative complements to the multi-level model brings together the 
construct of dedifferentiation and the construct of compensation. Indeed, ultimately, compensation 
may be a consequence of the neural dedifferentiation, or loss in processing specificity in brain 
associative areas. Thus, cognitive aging may not be reduced to a unique alteration of the frontal lobes, 
as postulated for example by the “frontal lobe hypothesis of cognitive aging”. To the contrary, it may 
involve a continuous balance between functional losses and adaptive compensations at the level of 
large-scale brain networks. It this is the case, brain imaging techniques and dedicated statistical tools 
devised to evaluate neurofunctional networks might be the only mean by which this issue may be 
further investigated. Indeed, brain imaging and particularly high spatio-temporal resolution fMRI, would 
be valuable to investigate both the recruitment of posterior associative areas during encoding, 
temporary maintenance and recall of information as well as the specific involvment of frontal regions in 
tasks are manipulated for their attentional demand. Moreover, fMRI holds the advantage of allowing 
multiple full brain image recordings, and hence, intra-individual evaluation of task-related activity. 
Finally, brain imaging is the only mean to bring evidence for inter-individual differences in brain activity 
while behavioral performances are not found to be significantly different, or may differ in an 
unexpected manner. In the present case, it would be particularly interesting to compare brain 
activation foci and associated neurofunctional network that underlie performance in the younger Low 
Span group, on the one hand, and in the older High Span group, on the other hand. De facto, our 
findings suggested that although the working memory scores observed for the two groups did largely 
overlap, younger High Spans and older Low Spans nonetheless significantly differed in many of the 
tasks investigated. Further research could be conducted by first identifying younger and older 
individuals that do not significantly differ in terms of working memory capacity, and then by providing 
these individuals with attention demanding tasks under brain imaging. Showing differential patterns of 
activity across the two groups of individuals would provide strong evidence for the “cognitive 
permeation hypothesis”. In addition to be a great tool to investigate cognitive aging, brain imaging 
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could also be interestingly applied to investigate the account of individual differences of working 
memory capacity. To our knowledge, a single experiment investigating this issue by means of prior 
selection of High and Low Spans individuals has been published by Mecklinger et al. (2003). In this 
experiment, participants were first identified as High and Low Spans on the basis of their performance 
in a Counting Span Task. Participants further underwent fMRI during which they were provided with a 
letter and an object recognition task. In both tasks, interference trials were interleaved and the study’s 
goal was to assess differential patterns of brain activity associated with resistance to interference. 
Results revealed that the interference effect in the object task was highly similar across High and Low 
Spans, both with respect to the behavioral measures and to the pattern of brain activation. Oppositely, 
group differences were reported for the letter task. First, as concerns the behavioral measures, 
interference was larger for the Low Spans than for High Spans. In addition, differential patterns of 
brain activity were reported. For the High Spans, activity in selective regions of interest (right middle 
frontal gyrus, left inferior frontal junction, right anterior intraparietal sulcus, right precuneus) was high, 
in both the control and the interference trials. This was interpreted as a recruitment of controlled 
processes in both conditions. Conversely, Low Span demonstrated a specific activation in these areas 
for the interference trials only. Overall, these findings suggest that individual differences in working 
memory capacity may be associated with differential recruitment at the level of selective brain areas. 
Such findings thus provide additional support for qualitative individual differences in task apprehension 
and in the associated processing, but additional work is needed to further investigate this issue.  
 
With respect to cognitive aging, a great deal of work remains to be conducted to make advances in the 
understanding of the age-related decline in cognition. Undoubtedly, the use of neuroimaging 
techniques will help shade new lights on these complex mechanisms by allowing to bridge the gap 
between age differences in behavior and age differences in the functional organization of the brain. 
Ideally, however, an additional individual differences approach should be taken to understand how and 
why younger and older individuals with behaviorally similar performances may rely upon different 
networks to achieve similar tasks, either as a consequence on individual difference and/or as a 
consequence of the aging process. Many opportunities will be offered to investigate these issues and 
at present, we shall modestly borrow a famous quote by Flaubert to state that, given our current 
knowledge “It's stupid to want to bring things to a conclusion” (Gustave Flaubert, Correspondance 
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Std. Dev = 1.55  
Mean = 15.3
N = 75.00



































































































Std. Dev = 6.78  
Mean = 33.2
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Figure A.1. Demographic variables of the initial study population: Histograms of frequencies by group 
and variable 
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N° de Code :  Date de la première séance :  
Lieu d’expérimentation :  
 
Age (+ Date de naissance) :  
Sexe : Santé personnelle1 : 
Langue maternelle : Satisfaction2 : 
Profession : Comparaison 10 ans avant 3: 
Etudes suivies : Limitations quotidiennes4 : 
Nombre d’années d’étude :  
  
 
LISTE DES EPREUVES 
 
Epreuves Durée Session Ordre Expé Remarques 
      
G.F.T. (PC) ............ ............ ............ ............ ...................................... 
Mémoire Logique I ............ ............ ............ ............ ...................................... 
Empan Verbal Endroit ............ ............ ............ ............ ...................................... 
Empan Verbal Envers ............ ............ ............ ............ ...................................... 
Tâche de Baddeley ............ ............ ............ ............ ...................................... 
Stroop (Mac) ............ ............ ............ ............ ...................................... 
Mémoire Logique II ............ ............ ............ ............ ...................................... 
Empan VSp Endroit ............ ............ ............ ............ ...................................... 
Empan VSp Envers ............ ............ ............ ............ ...................................... 
      
Reading Span (PC) ............ ............ ............ ............ ...................................... 
Matrice (PC) ............ ............ ............ ............ ...................................... 
Mill Hill ............ ............ ............ ............ ...................................... 
Interférence Proactive ............ ............ ............ ............ ...................................... 
      
CMT (Mac) ............ ............ ............ ............ ...................................... 
 





1. Comment décririez-vous votre état de santé actuel ?  (1-excellent, 2- plutôt bon, 3- plutôt moyen, 4- plutôt mauvais,  5- très 
mauvais) 
2. Etes-vous satisfait(e) de votre état de santé actuel ?  (1-très sat. 2- plutôt sat. , 3- moyennement sat. , 4- plutôt pas sat.,  
5- pas du tout sat.) 
3. En comparaison d’il y a 10 ans, jugez-vous votre état de santé actuel comme... (1- bien meilleur, 2- meilleur , 3- 
identique , 4- moins bon,  5- vraiment moins bon) 
4. Votre santé limite-t-elle vos activités quotidienne ?  (1- pas du tout 2- un peu, 3- moyennement, 4- beaucoup,  5- toute 
activité est limitée) 
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A1.1.2. WORKING MEMORY TASKS 
A1.1.2.1. READING SPAN 
A1.1.2.1.1. TASK INSTRUCTIONS 
 
Jugement sémantique - Consigne pour l’apprentissage: “ Vous allez faire un exercice de mémoire. 
Tout d’abord, vous allez lire une phrase affichée sur l’écran de l’ordinateur, et vous devrez décider si, 
à votre avis, ce que dit cette phrase est plausible ou non. Si vous pensez que c’est plausible, vous 
frapperez cette touche (on montre la touche « d » qui porte l’étiquette « oui »). Si vous pensez que 
c’est impossible, vous frapperez sur cette touche (on montre au sujet la touche « k » qui porte 
l’étiquette « non »). Dès que vous aurez répondu, je vous montrerai sur l’écran une autre phrase. 
Vous la lirez et vous déciderez si elle est plausible ou non. Vous devez répondre le plus vite possible. 
Nous allons voir ensemble quelques exemples.”. 
 
Jugement sémantique - Consigne pour le test: “Vous allez voir maintenant plusieurs phrases que vous 
devrez juger comme avant. Répondez les plus vite possible, sans faire d’erreurs”. 
 
Semantic Judgment - Instructions for the study phase: “You will do a memory exercise. First, you will read a sentence presented 
on the screen and you will decide if, according to you, this sentence is plausible or not. If you think that the sentence is 
plausible, you hit this key (point to the D with the “YES” sticker). If you think that the sentence is impossible, you hit this other 
key (point to the K with the “NO” sticker). As soon as you have responded, I will show you another sentence. You will read it and 
decide whether it is plausible or not. You must answer as fast as possible. We will go through several examples.” 
 
Semantic Judgment - Instructions for the test phase: “Now you will be presented with several sentences that you will be required 
to judge, just as before. Answer as fast as possible, avoiding any mistakes ”. 
 
Reading Span - Consigne pour l’apprentissage: “Vous allez maintenant faire le même exercice, mais 
vous devrez en plus vous rappeler du dernier mot de chaque phrase. Par exemple, vous lisez une 
première phrase, vous décidez si à votre avis elle est plausible ou non, puis vous retenez le dernier 
mot. Vous lisez une deuxième phrase, vous la jugez en retenant le dernier mot. Vous verrez ensuite 
un triangle blanc à l’écran. Cela vous indique que vous pouvez répéter à haute voix les derniers mots 
des phrases, dans l’ordre où vous les avez vus. Je noterai vos réponses au fur et à mesure. Lorsque 
vous aurez terminé, on passera à la série suivante. Il y a parfois 2, 3, 4 ou 5 phrases de suite. 
Attendez bien de voir le triangle blanc avant de commencer à me répéter les derniers mots. Nous 
allons voir ensemble un exemple. Il y aura là deux phrases de suite. Vous jugerez la première phrase, 
vous vous rappellerez du dernier mot, vous lirez la phrase suivante, vous la jugerez, puis, à 
l’apparition du triangle, vous me direz les derniers mots dans l’ordre”. 
 
Reading Span - Consigne pour le test: “ Nous allons maintenant passer à la partie de test. Dans cette 
partie, il s’agira de faire la même chose que ce que vous avez fait dans la partie d’apprentissage. 
Autrement dit, il s’agira à la fois de juger si la phrase est correcte ou non, et de mémoriser le denier 
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mot. Je vous demanderai de répéter les mots que vous avez mémorisé à la fin de chaque séquence 
de phrase. Attendez bien l’apparition du triangle blanc pour me dire les mots, dans l’ordre où vous les 
avez vus”. 
 
Reading Span - Instructions for the study phase: “Now you will do the same exercise, but in addition, you will need to memorize 
the last word of each sentence. For example, you read a first sentence. You decide whether it is plausible or not and you 
memorize its last word. Then, you read a second sentence; you judge it and memorize its last word. Then you will see a white 
triangle on the screen. It indicates to you that you have to recall out loud the last words of the previous sentences, in the same 
order that presented. I will write down you responses. When you will be done, I will show you the next series. Be careful to wait 
for the white triangle before starting to recall the words. I will show you an example with a series of 2 sentences. You will judge 
the first sentence, memorize its last word. You will judge the second sentence and memorize its last word. Then, when the white 
triangle appears on the screen, you will recall the last words, in the order they have been previously presented”. 
 
Reading Span - Instructions for the test phase: “We now go on with the test. In this part, you will be required to do exactly the 
same that what you did in the study phase. That is, you will need to decide whether the sentence is correct or not and to 
memorize its last word. At the end of each series, I will ask you to recall the words. Be careful to wait for the white triangle 






A1.1.2.1.2. MATERIAL AND STIMULI 
Table A. 1. Distribution of the different types of sentences used in the Semantic Judgment task and in 
the  Reading Span task 
 1 syllable 3 syllables  
 Correct Incorrect Correct Incorrect  
 1 noun 2 nouns 1 noun 2 nouns 1 noun 2 nouns 1 noun 2 nouns Total 
SJ          
Study 1 1     1 1 4 
Test 2 2 2 2 2 2 2 2 16 
RS          
Study          
Cl.2      1 1  2 
Cl.3 1 1  1     3 
Test          
Cl.2 1 1 1 1 1 1 1 1 8 
Cl.3 2 1 1 2 1 2 1 2 12 
Cl.4 2 2 2 2 2 2 2 2 16 
Cl.5 2 3 3 2 3 2 3 2 20 
          
Total 11 11 9 10 9 10 11 10 81 










Table A. 2. Characteristics of the items used in the Semantic Judgment task 
item ID sentence type syllabes nouns 
Study phase 
a1 012 Au cirque il y a des singes correct 1 2 
a2 032 L’armoire se cache dans l’anorak incorrect 3 2 
a3 031 On peut feuilleter un canari incorrect 3 1 
a4 011 On répare avec de la colle correct 1 1 
Test phase 
1 117 Les violons font des bulles incorrect 1 2 
2 132 On repasse un chemisier correct 3 1 
3 111 On s’amuse pendant une fête correct 1 1 
4 115 On peut boire un oeil incorrect 1 1 
5 118 Un hamster se nourrit de jupes incorrect 1 2 
6 136 On se marie avec un radiateur incorrect 3 1 
7 134 Au plafond il  y a des araignées correct 3 2 
8 113 Une table peut être en bois correct 1 2 
9 133 A la plage on plante un parasol correct 3 2 
10 114 Les moutons donnent de la laine correct 1 2 
11 116 On se rase avec une tarte incorrect 1 1 
12 137 La girafe marche comme un paillasson incorrect 3 2 
13 135 On peut colorier un caramel incorrect 3 1 
14 131 On mange des ravioli correct 3 1 
15 138 La farine est un dinosaure incorrect 3 2 
16 112 On se promène dans les prés correct 1 1 
      
 
 
Table A. 3. Characteristics of the items used in the Reading Span task 
item ID sentence type syllabes nouns 
Study phase 
a1 631 On peut traverser un numéro incorrect 3 1 
 632 On marché on achète des haricots correct 3 2 
a2 611 On voit plus gros avec une loupe correct 1 1 
 612 Les crayons mangent de la crème incorrect 1 2 
 613 Les canards ont des plumes correct 1 2 
Test phase 
1 232.1 On enfile un pantalon correct 3 1 
 232.2 Le pigeon vit dans les profondeurs incorrect 3 2 
2 431.1 On peut guérir d’une maladie correct 3 1 
 431.2 Les enfants aiment le chocolat correct 3 2 
 431.3 En Afrique, il y a des éléphants correct 3 1 
 431.4 Dans le lac nagent des saladiers incorrect 3 2 
3 512.1 Le boulanger fait du pain correct 1 2 
 512.2 On peut casser un verre correct 1 1 
 512.3 Les élèves étudient en classe correct 1 2 
 512.4 On mange toujours les roses incorrect 1 1 
 512.5 Les poissons ont six doigts incorrect 1 2 
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item ID sentence type syllabes nouns 
4 211.1 On peut respirer un rêve incorrect 1 1 
 211.2 Les fraises poussent dans le dos incorrect 1 2 
5 412.1 On peut acheter la lune incorrect 1 1 
 412.2 Les sapins sont des bêtes incorrect 1 2 
 412.3 On écrit avec le vent incorrect 1 1 
 412.4 On tire parfois la langue correct 1 1 
6 312.1 Les oiseaux volent dans le ciel correct 1 2 
 312.2 Les melons sont en fer incorrect 1 2 
 312.3 On se lave avec de l’eau correct 1 1 
7 511.1 On peut se salir les mains correct 1 1 
 511.2 Une casserole est un homme incorrect 1 2 
 511.3 On peut lire avec la pluie incorrect 1 1 
 511.4 On entend avec le front incorrect 1 1 
 511.5 Paris est une grande ville correct 1 2 
8 231.1 A l’école on se fait des camarades correct 3 2 
 231.2 On peut se nourrir de cheminées incorrect 3 1 
9 311.1 Dans l’océan on trouve des chiens incorrect 1 2 
 311.2 On dort souvent dans un lit correct 1 1 
 311.3 On marche sur le nez incorrect 1 1 
10 531.1 On peut jouer d’un instrument correct 3 1 
 531.2 On peut boire un canapé incorrect 3 1 
 531.3 Chez le dentiste on vend des ramoneurs incorrect 3 2 
 531.4 On peint avec une caravane incorrect 3 1 
 531.5 Dans la forêt on voit des écureuils correct 3 2 
11 411.1 Les pompiers éteignent le feu correct 1 2 
 411.2 On peut voyager en train correct 1 1 
 411.3 Les bananes ont des poches incorrect 1 2 
 411.4 Dans le jardin poussent des fleurs correct 1 2 
12 332.1 En voiture il faut faire attention correct 3 2 
 332.2 On peut avaler des caméras incorrect 3 1 
 332.3 Le cheval dort dans la pharmacie incorrect 3 2 
13 532.1 On s’assoit sur un tabouret correct 3 1 
 532.2 Un chapeau a bon appétit incorrect 3 2 
 532.3 Le chemin le plus cours est un raccourci correct 3 2 
 532.4 On prend parfois des vitamines correct 3 1 
 532.5 On peut coiffer un cinéma incorrect 3 1 
14 212.1 On peut s’asseoir sur une chaise correct 1 1 
 212.2 Le pied est une partie du corps correct 1 2 
15 331.1 Un tiroir a bon caractère incorrect 3 2 
 331.1 La France a un président correct 3 2 
 331.1 On peut monter les escaliers correct 3 1 
16 432.1 On s’habille avec un lampadaire incorrect 3 1 
 432.2 Les têtards mangent des abricots incorrect 3 2 
 432.3 On peut habiter un éventail incorrect 3 1 
 432.4 On parle au téléphone correct 3 1 
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A1.1.2.2. MATRICES TASK 
A1.1.2.2.1. TASK INSTRUCTIONS  
 
Matrices Single Words 
 
Matrice Mots - Consigne générale : “Dans cette épreuve, vous allez voir apparaître à l’écran des listes 
de mots. Votre tâche consiste à mémoriser les mots qui sont présentés de sorte à pouvoir me les 
restituer par oral ensuite. Le nombre  de mots varie d’un essai à l’autre. Ne vous inquiétez pas si vous 
trouvez cela difficile, on est souvent surpris par les résultats qui sont meilleurs que ce que l’on pense.” 
 
Matrice Mots - Consigne pour l’apprentissage : “Ici, on vous présente une liste comporte 3 mots 
(l’expérimentateur affiche à l’écran le premier exemple). Cette liste reste affichée un certain temps 
puis disparaît. Dès qu’elle a disparu, je vous demande de me restituer, par oral et dans n’importe que 
ordre, les mots qui figuraient dans cette liste. Une fois que vous avez répondu, vous devez aller sur le 
rectangle « FIN » et appuyer (ou cliquer) une fois dessus. Je vais maintenant vous montrer deux 
autres exemples. Je vous rappelle que vous devez mémoriser les mots qui sont présentés à l’écran 
pour ensuite pouvoir me les restituer, dans l’ordre que vous voulez. Par ailleurs, dans cette partie 
d’exemple, l’ordinateur vous représente la liste si votre réponse est  incorrecte. Il vous signale 
également l’erreur par un bip sonore. Si votre réponse est correcte, la liste suivante vous est 
présentée. Prêt ?.” 
 
Matrice Mots - Consigne pour le test :“Maintenant les exemples terminés, nous allons passer à la 
partie test. Ce que vous allez faire correspond exactement à ce que vous venez de faire. La seule 
différence, c’est qu’il n’y a pas de bip sonore pour vous dire si la réponse était fausse. Par ailleurs, le 
nombre de mots par liste peut varier de 3 à 7 mots. Je vous rappelle que vous devez me redonner les 
mots qui ont été présentés et que l’ordre de restitution n’est pas important.” 
 
Matrice Words - General instructions: “In this test, you will be presented with lists of words. Your task will be to memorize the 
words that are presented in order to be able to recall them later. The number of words will vary from one trial to the other. Don’t 
worry if you find the task difficult. Often, one is surprised of the results that are usually better than expected." 
 
Matrice Words - Instructions for the study phase: “Here, you are presented with a list of 3 words (the experimenter launches the 
first example). This word list remains on the screen a certain period of time, and then disappears. As soon as it has 
disappeared, I will ask you to recall the words out loud, in any order. Once you are finished, you will need to point (click) on the 
rectangle « END ». I will now show you two more examples. I remind your that you task is to memorize the words presented on 
the screen so to be able to recall them later, in any order. Moreover, in this study phase, you will see the list again if your 
response is incorrect. The error is also indicated by a beep. If your response is correct, then you will be presented with the next 
list. Ready ?” 
 
Matrice Words - Instructions for the test phase: “Now the study phase is over. We will go on with the test phase. You will be 
required to do exactly the same as in the study phase. The only difference is that you will not get a beep indicating incorrect 
responses. Moreover, the number of words in the list can vary from 3 to 7. I remind you that you will have to recall the words 
presented and the order in which you recall them is not important.” 
Appendix 1 




Matrices Single Positions 
 
Matrices Positions - Consigne générale : “Dans cette épreuve, vous allez voir apparaître à l’écran une 
grille comprenant un certain nombre de cases. Certaines cases vont être «allumées» en même temps, 
de la même couleur. Votre tâche consiste à mémoriser toutes les cases qui ont été «allumées» pour 
pouvoir ensuite les replacer dans une grille vierge. Le nombre de cases varie d’un essai à l’autre. Ne 
vous inquiétez pas si vous trouvez cela difficile, on est souvent surpris par les résultats qui sont 
meilleurs que ce que l’on pense.” 
 
Matrices Positions - Consigne pour l’apprentissage : “Sur cette figure, nous vous présentons la grille 
vierge (l’expérimentateur présente le premier exemple). Vous allez maintenant voir un certain nombre 
de cases « s’allumer » en même temps. Voici maintenant la figure-réponse. Dès que vous la verrez 
apparaître, vous devrez « allumer » les même cases en pointant sur l’écran (ou en utilisant la souris). 
Vous avez le temps que vous voulez pour répondre. Vous allez maintenant essayer de sélectionner 
différentes cases. Cochez différentes cases. Enlevez différentes cases. Lorsque votre réponse est 
correcte, vous devez pointer (ou cliquer) au milieu du rectangle « FIN ». Nous allons maintenant 
passer à deux exemples. Vous allez voir apparaître à l’écran une grille comportant un certain nombre 
de cases « allumées » en même temps et de la même couleur. Puis la grille va disparaître et être 
remplacée par une grille vierge. Dès que vous voyez la figure-réponse, vous devez sélectionner 
toutes les cases dont vous vous souvenez. Si vous vous trompez, vous entendrez un bip sonore et 
l’item sera à nouveau présenté. Prêt ?.” 
 
Matrices Positions - Consigne pour le test :“ Maintenant les exemples terminés, nous allons passer à 
la partie test. Ce que vous allez faire correspond exactement à ce que vous venez de faire. La seule 
différence, c’est qu’il n’y a pas de bip sonore pour vous dire si la réponse était fausse. Dans certains 
essais, il pourra y avoir jusqu'à 6 cases « allumées » simultanément. Répondez en fonction de votre 
souvenir.” 
 
Matrices Positions - General instructions: “In this test, you will be presented with a grid comprising cells. Among these cells, 
several will be « lit » at the same time, in the same color. Your task will be to memorize the cells that are lit in order to be able to 
replace them on an empty grid. The number of cells will vary from one trial to the other. Don’t worry if you find the task difficult. 
Often, one is surprised of the results that are usually better that expected." 
 
Matrices Positions - Instructions for the study phase: “Here, you are presented with the empty grid (the experimenter launches 
the first example). Among the cells, several are « lit » at the same time. And here is the response screen. As soon as you see it, 
your task will be to « lit » the same cells as previously presented, by pointing (clicking) on the appropriate cells. You will have 
plenty of time to respond. Now, I will ask you to try to « light » cells. Point any cell you like. Also try to deselect the cells. Once 
you are finished, you will need to point (click) on the rectangle « END ». I will now show you two more examples. I remind you 
that your task is to memorize the words presented on the screen so to be able to recall them later, in any order. Moreover, in 
this study phase, you will see the list again if your response is incorrect. The error is also indicated by a beep. If your response 
is correct, then you will be presented with the next list. Ready ?” 
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Matrices Positions - Instructions for the test phase: “Now the study phase is over. We will go on with the test phase. You will be 
required to do exactly the same as in the study phase. The only difference is that you will no no longer get a beep indicating 
incorrect responses. In some trials, you might be presented with up to 6 « lit » cells. Respond as you recall.” 
 
Matrices Double Verbal 
 
Matrices Double Verbal - Consigne générale : “Dans cette épreuve, vous allez voir apparaître à l’écran 
une grille comprenant un certain nombre de cases. Dans certaines de ces cases vont apparaître des 
mots. Il y a un seul mot par case mais tous les mots vont apparaître en même temps. Votre tâche 
consiste à mémoriser tous les mots qui ont été présentés et les cases dans lesquelles les mots sont 
apparus. Ensuite, vous devrez me redonner à la fois les mots que vous avez vus et les emplacement 
où vous les avez vus. Le nombre  de mots, et donc le nombre de cases, varie d’un essai à l’autre. Ne 
vous inquiétez pas si vous trouvez cela difficile, on est souvent surpris par les résultats qui sont 
meilleurs que ce que l’on pense.” 
 
Matrices Double Verbal - Consigne pour l’apprentissage : “Sur cette figure, nous vous présentons la 
grille vierge. Vous allez maintenant voir un certain nombre de cases dans lesquelles vont apparaître 
des mots. Voici maintenant la figure-réponse. Dès que vous la verrez apparaître, vous devrez me 
redonner les mots que vous avez vus et indiquer les cases dans lesquelles vous les avez vus en 
pointant sur l’écran (ou en utilisant la souris). Vous avez le temps que vous voulez pour répondre. 
Vous allez maintenant essayer de sélectionner différentes cases. Cochez différentes cases. Enlevez 
différentes cases. Lorsque votre réponse est correcte, vous devez pointer (ou cliquer) au milieu du 
rectangle « FIN ». Nous allons maintenant passer à deux exemples. Vous allez voir apparaître à 
l’écran une grille comportant un certain nombre de cases dans lesquelles vont apparaître 
simultanément  des mots. Puis la grille va disparaître et être remplacée par une grille vierge. Dès que 
vous voyez la figure-réponse, vous devez me redonner par oral les mots que vous avez vus en 
pointant sur l’écran les cases correspondant à chacun des mots. Si vous vous trompez, vous 
entendrez un bip sonore et l’item sera à nouveau présenté. Prêt ?” 
 
Matrices Double Verbal - Consigne pour le test :“Maintenant les exemples terminés, nous allons 
passer à la partie test. Ce que vous allez faire correspond exactement à ce que vous venez de faire. 
La seule différence, c’est qu’il n’y a pas de bip sonore pour vous dire si la réponse était fausse. Dans 
certains essais, il pourra y avoir jusqu'à 6 mots présentés simultanément. Répondez en fonction de 
votre souvenir.” 
 
Matrices Double Verbal - General instructions: “In this test, you will be presented with a grid comprising cells. Among these 
cells, several will contain words. There will be only one word per cell, but all the words will by displayed at the same time. Your 
task will be to memorize the words and the cells in which they were displayed. Then, I will ask you to recall both the words and 
the location in which they appeared. The number of words, and thus the number of cells, will vary from one trial to the other. 
Don’t worry if you find the task difficult. Often, one is surprised of the results that are usually better that expected." 
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Matrices Double Verbal - Instructions for the study phase: “Here, you are presented with the empty grid (the experimenter 
launches the first example). Among the cells, several will contain a word. And here is the response screen. As soon as you see 
it, your task will be to recall the words and the cells in which they were presented. Indicate the cells by pointing (clicking) on 
them. You will have plenty of time to respond. Now, I will ask you to try to select a cell. Point any cell you like. Also try to 
deselect the cells. Once you are finished, you will need to point (click) on the rectangle « END ». I will now show you two more 
examples. You will be presented with a grid containing words. Then the grid will be cleared and be replaced by the response 
screen. As soon as you see it, you will need to orally recall the words and simultaneously point (click) on the cells in which they 
were displayed. In case you make a mistake, you will hear a beep and you will be presented with the same trial. Ready ?” 
 
Matrices Double Verbal - Instructions for the test phase: “Now the study phase is over. We will go on with the test phase. You 
will be required to do exactly the same as in the study phase. The only difference is that you will no no longer get a beep 




A1.1.2.2.2. MATERIAL AND STIMULI  
Table A.4. Distribution of mono- and bisyllabic words within and across levels of difficulty in the 
Matrices Words task 
  Level 3  Level 4  Level 5  Level 6  Level 7  Total 
             
Monosyllabic  18  22  25  27  28  120 
Bisyllabic  18  22  25  27  28  120 
Total  36  44  50  54  56  240 
             
 
 
Table A.5. Distribution of the colored cells by level of difficulty in the Matrices Position task 
                          
Cells 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
                          
                          
Cl. 2  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Cl. 3 2 1 1 2 1 1 2 2 2 1 1 1 1 2 1 1 1 2 1 1 1 1 2 1 1 
Cl. 4 2 2 2 1 2 2 1 1 1 1 1 2 1 1 2 2 2 1 2 2 2 2 1 2 2 
Cl. 5 2 1 2 2 2 2 2 1 2 2 2 2 2 2 1 2 1 2 2 2 2 1 2 2 2 
Cl. 6 1 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
Total 7 7 8 8 8 8 8 7 7 7 7 8 7 8 7 8 7 8 8 8 8 7 8 8 8 
                          
Note. The cell numbers have been defined from the far left column to the right and from the top row to the bottom. Thus, the cells 1 to 5 correspond to the first 
row, the cells 6 to 11 to the second row, etc. 
 
 
Table A.6. Distribution of mono- and bisyllabic words within and across levels of difficulty in the 
Matrices Double Verbal task 
  Level 2  Level 3  Level 4  Level 5  Level 6  Total 
             
Monosyllabic  18  22  25  27  28  120 
Bisyllabic  18  22  25  27  28  120 
Total  36  44  50  54  56  240 
             
 
Appendix 1 





Table A.7. Distribution of the colored cells by level of difficulty for the Matrices Double Verbal task 
                          
Cells 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
                          
                          
Cl. 2  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Cl. 3 2 1 1 2 1 1 2 2 2 1 1 1 1 2 1 1 1 2 1 1 1 1 2 1 1 
Cl. 4 2 2 2 1 2 2 1 1 1 1 1 2 1 1 2 2 2 1 2 2 2 2 1 2 2 
Cl. 5 2 1 2 2 2 2 2 1 2 2 2 2 2 2 1 2 1 2 2 2 2 1 2 2 2 
Cl. 6 1 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
Total 7 7 8 8 8 8 8 7 7 7 7 8 7 8 7 8 7 8 8 8 8 7 8 8 8 
                          
Note. The cell numbers have been defined from the far left column to the right and from the top row to the bottom. Thus, the cells 1 to 5 correspond to the 
first row, the cells 6 to 11 to the second row, etc. 
 
 
The stimuli constructed for the Matrices Words task are presented from Figure A.3 to Figure A.8. The 
stimuli constructed for the Matrices Positions task are presented from Figure A.9 to Figure A.14. 
Finally, the stimuli constructed for Matrices Double verbal are presented from Figure A.15 to Figure 
A.20. 
 
The response protocol for Matrice Single Words is provided in Figure A.21. The response protocol for 
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A1.1.3. DUAL TASKS 
A1.1.3.1. PAPER AND PENCIL TEST 
A1.1.3.1.1. TASK INSTRUCTIONS 
 
All the instructions are given orally by the experimenter.  
 
Rappel de chiffres - Consigne pour la tâche : “Je vais vous lire des séries de chiffres. Je vous 
demanderai de me redire chacune de ces séries dans l’ordre dans lequel je vous les ai lues.  Nous 
allons faire ceci pendant deux minutes”. 
 
Digit recall - Instructions for the task: “I will read to you series of digits. I will ask you to recall out loud each of the series in the 
same order than presented to you. This will last 2 minutes. Ready ?”. 
 
 
Traçage de croix - Consigne générale : “Nous allons maintenant faire une épreuve dans laquelle il 
s’agit de tracer des cases qui sont présentées sur une feuille de papier. Ces cases sont reliées entres 
elles par des lignes, comme une sorte de chemin. Votre tâche consistera à faire une croix dans 
chacune des cases, en suivant le chemin pour passer d’une case à l’autre. Je vais vous montrer un 
exemple”. 
 
Traçage de croix - Consigne pour l’example : “Dans cet exemple, 10 cases sont dessinées sur la 
page. Ces cases sont reliées entre elles par un trait. Je vous demanderai de tracer, de faire une croix,  
le plus rapidement possible dans ces cases, en suivant le chemin. Vous commencerez par cette case 
(montrer la première case) pour finir par celle-là (montrer la dernière case). Prêt ? ”. 
 
Traçage de croix - Consigne pour la tâche : “ Maintenant, nous allons passer au test. Votre tâche sera 
identique à ce que vous venez de faire. Il va falloir, le plus rapidement possible,  tracer d’une croix 
chaque case, en suivant le chemin. Cette fois, il y a plus de cases à tracer et le sens du chemin n’est 
plus indiqué par des flèches. Vous commencerez par cette case (montrer la première case), pour finir 
sur cette case (montrer la dernière case). Nous allons faire ceci pendant deux minutes. Dans le cas 
où vous auriez terminé cette page avant que les deux minutes ne se soient écoulées, je vous 
donnerai une nouvelle page. Prêt ?”. 
 
Box crossing - General instructions: “You will now do a task in which you will be required to cross boxes drawn on a sheet of 
paper. These boxes are linked to form a path. Your task will be to draw a cross in aech box, following the path that goes from 
one box to the next. Here is an example”. 
 
Box crossing - Instructions for the example: “In this example, 10 boxes are drawn on the sheet of paper. These boxes are linked 
and form a path. I will ask you to follow the path and cross, as fast as possible, each of the boxes. You will start here (point the 
first box) and end here (point the last box). Ready ?”. 
 
Box crossing - Instructions for the task: “Now we will turn to the test. Your task will be the same as in the example. You will be 
required to cross, as fast as possible, each of the boxes along the path. This time, there are many more boxes and arrows will 
no longer indicate the direction of the path. You will start here (point the first box) and end here (point the last box). This will last 
2 minutes. In case you reach the end of the path before the 2 minutes have passed, I will provide you with another sheet of 
paper. Ready ?”. 
 
Tâche duelle - Consigne pour la tâche : “ Maintenant, nous allons combiner les deux types de tâches 
que vous venez de faire. Je vais donc vous lire des listes de chiffres que vous devrez me répéter dans 
le même ordre en même temps vous allez tracer, plus précisément, faire des croix dans des cases sur 
une feuille de papier. Comme avant, vous commencerez ici (montrer la première case) et terminerez 
là (montrer la dernière case).  Nous allons faire cela pendant deux minutes. Prêt ?”. 
 
Dual task - Instructions for the task: “Now we will combine the two tasks. I will read to you series of digits. You will be required to 
recall the series in the same order and, at the same time, draw a cross in the boxes. As before,  you will start here (point the first 










A1.1.3.1.2. MATERIAL AND STIMULI 
 
For the digit recall, series of digits were first randomly defined using the ALEA()*(1-9)+1 function of 
Microsoft Excel (Seattle, USA). The random sequences were subsenquenly rearranged in order to 
avoid 1) the repetition of the same sequence in the task, 2) the repetitions of the same digit within a 
sequence (ex.: 1 5 9 3 7 9 ) and 3) facilitating sequences (ex.: 2 3 4 5 9 1). A total of 35 lists were 
defined for each span length (i.e. 3-6). These series were used for the single task. The series 
administered in the dual task were defined on the basis of the single task sequences, by incermenting 
1 to each digit (except for the 9 which is replaced by a 1). Thus, for example, the sequence « 2 7 5 9 » 
in the single task becomes « 3 8 6 1 » in the dual task. All the sequences are provided from Figure A. 
22 to Figure A. 28, by span lenght. 
 
For the Box crossing task, the path used as an example is provided in Figure A. 29. The path used for 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Method : Task Description - CMT 
 
 35
A1.1.3.2. CONTINUOUS MONITORING TASK 
A1.1.3.2.1. TASK INSTRUCTIONS 
 
The experimenter gives all the instructions orally.  
 
Apprentissage - Consigne générale : “Dans cette épreuve, vous allez voir apparaître deux demi-
cercles à l’écran. Chacun d’entre eux peut changer de taille ou de couleur (ton de gris). L’ordinateur 
détermine les changements dans le demi-cercle supérieur et vous avez le contrôle des changements 
dans le demi-cercle inférieur. La tâche consiste à ajuster le plus rapidement possible le demi-cercle du 
bas aux changements qui sont faits par l’ordinateur. Autrement dit, vous devrez ajuster le demi-cercle 
inférieur en fonction du demi-cercle supérieur. Par exemple, si la partie supérieure devient plus 
grande, vous devez agrandir la taille du demi-cercle inférieur. Ou alors, si la partie supérieure devient 
plus foncée, vous devez changer la couleur de la partie inférieure. Pour changer la taille, vous le 
voyez ici (montrer), vous utiliserez la manette de droite (gauche, respectivement). Plus la manette est 
en haut, plus la taille est grande. Pour changer la couleur, vous utiliserez la manette de gauche 
(droite, respectivement). Plus la manette est en haut et plus le ton de gris est foncé.  Vous allez 
d’abord devoir régler la taille, puis la couleur, puis les deux ensemble. Attention, l’ordinateur change 
ces deux dimensions presque continuellement, et il le fera plus ou moins rapidement. Cela se 
présente un peu comme un film ; chaque film comprend à peu près 30 changements. Entre chaque 
film, il y aura une interruption. Quelquefois, vous aurez le sentiment que ça va beaucoup trop vite, 
mais il faudra quand même essayer de suivre ce que fait la machine. Je vais maintenant vous montrer 
quelques exemples. ” 
 
Apprentissage - Consigne: “ Je vais d’abord vous présenter des exemples dans lesquels vous devrez 
ajuster la taille du demi-cercle inférieur. Faites bien attention, les changement qui sont faits par 
l’ordinateur sont rapides. Je vous rappelle que vous réglez la taille  avec la manette de droite (ou 
gauche) et que plus la manette est en haut du dispositif, plus la taille est grande. Prêt ? 
Vous allez encore avoir deux exemples. Le pourcentage qui s’affiche à l’écran à la fin du film est un 
indicateur du temps où votre demi-cercle était ajusté. Il est impossible d’arriver à 100%. Essayez de 
viser 65%. Prêt ?  
Maintenant, je vais vous montrer des exemples d’ajustement de la couleur. Vous allez donc utiliser 
l’autre manette pour régler les tons de gris. Je vous rappelle que plus la manette est haute, plus le ton 
de gris est foncé. Le principe est le même que pour les essais précédents et il y aura aussi trois films 
d’exemple. Prêt ?” 
 
Study phase - General instructions: “In this task, you will be presented with two half-circles appearing on the computer screen. 
Each of the two half-circles may vary in size or in brightness. The computer monitors the changes occurring in the upper half-
circle and you will control the changes for the lower half-circle. You task consists in adjusting the lower half-circle to the changes 
monitored by the computer, as fast as possible. In other words, you will be required to adjust the lower half-circle as a function 
of what occurs in the upper half-circle. For example: If the upper half-circle becomes wider, you will need to increase the size of 
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the lower half-circle. Or if the upper half-circle becomes darker, you will need to lower the brightness of the lower half-circle. To 
monitor the size, you will use the right (left) lever. The higher the lever on this scale, the wider the circle. To monitor the 
brightness, you will use the left (right) lever. The higher the lever, the darker the half-circle. First you will be required to monitor 
the size, then the brightness and finally the two together. Be careful, the computer changes continuously the two dimensions. As 
you will notice, it looks more or less like a film. Each film comprises around 30 changes. Between each film, there will be a 
pause. Sometimes, you will feel like it goes too fast. Nevertheless, you will still try to follow what the computer does. We now 
turn to several examples.” 
 
Study phase - Instructions: “I will first show you examples in which size must be monitored. Be careful, the changes that are 
made by the computer are fast. I remind you that you can adjust the size using the right (left) lever and that the higher the lever, 
the wider the half-circle. Ready?” 
“I will show you two more examples. The percentage displayed on the screen at the end of the film indicates the duration of 
adjustment. It is impossible to reach 100%. Try to focus on 65%. Ready?” 
“Now, I will show you several examples with brightness monitoring. You will need to use the other lever to monitor the 
brightness. I remind you that the higher the lever, the darker the half-circle. The idea is the same as for the previous examples 
and you will also be presented with 3 films. Ready? ” 
 
 
Ajustement de la taille - Consigne pour le test: “ Nous allons maintenant passer au test lui-même. 
Dans cette première partie, votre tâche consistera à ajuster la taille. Je vais vous présenter 10 films. 
Avant chaque film, vous allez voir apparaître à l’écran un message qui vous rappelle votre tâche. 
Après chaque film, l’ordinateur vous indiquera votre pourcentage de réponses correctes. Si ce 
pourcentage est inférieur à 65%, le film suivant sera présenté plus lentement. En revanche, si votre 
pourcentage de réponses correctes est supérieur à 65%, le film suivant sera présenté plus 
rapidement. Je vous rappelle que vous réglez la taille avec la manette de droite (gauche). Prêt ? ”. 
 
Size monitoring - Instructions for the test phase: “Now we will turn to the test. In this first part, your task will be to monitor the 
size. You will be presented with 10 films. Before each of them, a message will appear on the screen to remind you what to do. 
After each film, the computer will display the percentage of correct responses. If the percentage is lower than 65%, the 
subsequent film will be slower. However, if the percentage is above 65%, the subsequent film will be faster. I remind you that 
you monitor the size using the right (left) lever. Ready?” 
 
Ajustement de la couleur - Consigne pour le test: “Nous allons maintenant passer à la deuxième partie 
de l’épreuve. Votre tâche consistera à ajuster la couleur.  Je vais à nouveau vous présenter 10 films. 
Avant chaque film, vous allez voir apparaître un l’écran un message qui vous rappelle vôtre tâche. 
Après chaque film, l’ordinateur vous indiquera votre pourcentage de réponses correctes. Si ce 
pourcentage est inférieur à 65%, le film suivant sera présenté plus lentement. En revanche, si votre 
pourcentage de réponses correctes est supérieur à 65%, le film suivant sera présenté plus 
rapidement. Je vous rappelle que vous réglez la couleur avec la manette de gauche (droite). Prêt ?”. 
 
Brightness monitoring - Instructions for the test phase: “Now we will turn the second part of the test. Your task will be to monitor 
the brightness. Again, you will be presented with 10 films. Before each of them, a message will appear on the screen to remind 
you what to do. After each film, the computer will display the percentage of correct responses. If the percentage is lower than 
65%, the subsequent film will be slower. However, if the percentage is above 65%, the subsequent film will be faster. I remind 
you that you monitor the brightness using the left (right) lever. Ready?” 
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Tâche duelle - Consigne pour le test: “ Nous allons maintenant passer à la troisième partie de 
l’épreuve. Votre tâche va consister maintenant à ajuster à la fois la taille et la couleur. Vous devrez 
donc utiliser les deux manettes de réponse. Cette dernière partie de l’épreuve comprend 20 films. 
Comme auparavant, l’ordinateur vous rappellera votre tâche avant chaque film et vous indiquera votre 
pourcentage de réponses correctes après chacun d’entre eux. La vitesse des changements dépendra 
à nouveau de votre performance.  Prêt ? ”. 
 
Dual task - Instructions for the test phase: “Now we will turn to the third part of the test. Now, your task will be to monitor both 
the size and the brightness. Thus, you will need the two levers. This last part of the test comprises 20 films. As in the two 
previous parts, a message will appear on the screen to remind you what to do. At the end of each film, you will also be provided 
with the percentage of correct responses. Again, the speed of the films will depend on your own performance. Ready?” 
 
 
A1.1.4. SHORT-TERM MEMORY TASKS 
A1.1.4.1. DIGIT SPAN 
A1.1.4.1.1. TASK INSTRUCTIONS 
Empan de chiffres – Consigne pour l’empan à l’endroit: “Je vais vous dire une série de chiffres et vous 
les répéterez immédiatement après moi dans le même ordre. Faites bien attention”. 
Empan de chiffres – Consigne pour l’empan à l’envers: “Maintenant je vous donne à nouveau une 
série de chiffres, mais cette fois, vous devrez me les redire en sens inverse, c’est à dire en 
commençant par le dernier, puis l’avant-dernier, etc.”. 
 
Digit Span - Instructions for the forward span: “I will read to you a series of digits. You will recall each digit immediately after, in 
the same order. Be careful”. 
Digit Span - Instructions for the backward span: “Now I will give you another series of digits. This time, you will recall each series 
in the reverse order. That means that you will start the recall with the last digit first, then the one preceeding the last, etc.” 
 
A1.1.4.1.2. MATERIAL AND STIMULI 
The series of digits used for the Digit Span and the corresponding response protocols are provided in 
Figure A. 31 (forward span) and in Figure A. 32 (backward span). 
 
A1.1.4.2. CORSI BLOCKS 
A1.1.4.2.1. TASK INSTRUCTIONS 
Empan visuo-spatial – Consigne pour l’empan à l’endroit: “Je vais toucher certains de ces plots. 
Quand j’aurai fini, vous devrez toucher les mêmes plots que moi, dans le même ordre”. 
Empan visuo-spatial – Consigne pour l’empan à l’envers: “Maintenant vous devez toucher les mêmes 
plots que moi mais dans l’ordre inverse, c’est-à-dire que vous commencerez par le dernier, puis 
l’avant-dernier, etc.”. 
Appendix 1 




Visuo-spatial span - Instructions for the forward span: “I will point on sequentially several of theses blocks. When I will be done, 
you  will be required to point on the same blocks as I did, in the same order”. 
Visuo-spatial span - Instructions for the backward span: “Now you will point the blocks, but in the reverse order. That means that 
you will start from the last block of the series, then point on the one preceeding the last, etc.” 
 
 
A1.1.4.2.2. MATERIAL AND STIMULI 
The series of digits used to define the pointing sequences for the Corsi Blocks and the corresponding 
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EMPAN A L’ENDROIT 
 
SUJET………………………………………………  EXPE……………………………………………... 
 
  DATE……………………………………………... 
 
  VERBAL VISUO-SPATIAL 
2)   7  4   
2)   3  1   
2)   2  5   
3)   5  8  2   
3)   6  9  4   
3)   3  7  1   
4)   6  4  3  9   
4)   7  2  8  6   
4)   5  3  1  9   
5)   4  2  7  3  1   
5)   7  5  8  3  6   
5)   2  9  3  7  4   
6)   6  1  9  4  7  3   
6)   3  9  2  4  8  7   
6)   5  9  1  7  4  2   
7)   2  7  5  8  6  4  1   
7)   6  9  1  2  7  4  5   
7)   3  8  2  9  5  1  7   
8)   4  2  7  6  9  8  3  1   
8)   5  8  1  9  2  6  4  7   
8)   3  8  2  9  5  1  7  4   
9)   2  7  5  8  3  9  1  6  4   
9)   7  1  3  9  4  3  5  6  8   
9)   5  7   4  3  8 1  6  2  9   
 
Empan Verbal : …………………….   Empan Visuo-Spatial :…….……………….…
  
Figure A. 31.Response protocol for the verbal and visuo-spatial forward span tasks (also presenting 
the detailed sequences used) 
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EMPAN A L’ENVERS 
 
SUJET………………………………………………  EXPE……………………………………………... 
 
  DATE……………………………………………... 
 
  VERBAL VISUO-SPATIAL 
2)   6  2   
2)   1  5   
2)   9  6   
3)   6  3  1   
3)   9  2  7   
3)   4  8  5   
4)   6  8  7  9   
4)   4  1  3  7   
4)   1  5  8  2   
5)   3  9  7  2  4   
5)   5  2  6  4  7   
5)   1  4  7  3  6   
6)   8  2  5  1  4  3   
6)   5  9  4  6  3  2   
6)   9  7  3  5  4  6   
7)   3  7  5  8  2  4  1   
7)   9  1  5  3  7  4  6   
7)   1  5  3  8  6  4  7   
8)   8  4  6  2  5  3  7  1   
8)   6  8  4  7  2  5  3  9   
8)   2  5  9  4  8  6  1  7   
9)   7  3  8  2  5  9 6  1  4   
9)   9  5  4  1  6  3 8  2  7   
9)   1  6  5  2 7  4  9  3  8   
 
Empan Verbal : …………………….   Empan Visuo-Spatial :…….……………….…
  
Figure A. 32. Response protocol for the verbal and visuo-spatial backward span tasks (also presenting 
the detailed sequences used)
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A1.1.5. LONG-TERM MEMORY TASKS 
A1.1.5.1. DELAYED FREE RECALL 
A1.1.5.1.1. TASK INSTRUCTIONS 
Encodage - Consigne générale, présentée à l’écran: “Vous verrez maintenant deux images qui 
paraissent au premier abord identique. Cependant, si vous les regardez plus précisément, vous verrez 
qu’il y a des différences. Il s’agit de trouver et de me montrer aussi vite que possible le plus grand 
nombre de différences. Observez aussi attentivement l’image, de manière à pouvoir plus tard donner 
des informations la concernant.”. 
 
Encodage - Consigne pour l’exemple, donnée oralement: “Voila un exemple. Les deux images que 
vous voyez semblent identiques, mais quelques éléments différentient l’image de gauche, sur laquelle 
il faut chercher les différences, et l’image de droite qui est l’originale. Les différences sont ici indiquées 
par des flèches. L’une se trouve sur la trompette et l’autre sur le gilet (une fois la consigne donnée, 
appuyer sur le bouton de gauche de la souris pour terminer l’exemple)”. 
 
Encodage - Consigne pour le test, donnée oralement: “Nous allons maintenant passer au test. A 
nouveau, vous allez voir à l’écran deux images et votre tâche consistera à trouver le plus rapidement 
possible toutes les différences qui existent entre ces deux images. Chaque fois que vous verrez une 
différence, appuyez le plus vite possible sur le bouton de gauche de la souris. Vous entendrez un bip 
sonore et verrez le pointeur apparaître sur l’écran. Il s’agira alors de cliquer sur l’endroit de l’image où 
vous avez vu la différence. Vous êtes prêt pour le test ?”. 
 
Rappel Libre différé - Consigne générale, donnée oralement: “Vous vous souvenez qu’au début de 
l’épreuve vous avez dû comparer deux images et trouver des différences ? Je vais vous demander 
maintenant de me nommer tout ce qu’il y avait sur ces images. Ne rappelez pas uniquement les 
erreurs que vous avez trouvées, mais tout ce que vous avez vu”. 
 
Rappel Libre différé - Consigne pour le test, présentée à l’écran: “Essayez de vous souvenir de tout, 
mais vraiment de tout ce que vous avez vu sur l’écran « cherchez les erreur ». Nommez chaque 
chose dont vous vous rappelez de cette image”. 
 
Encoding - General instructions, displayed on the screen: “Now you will see two pictures that look identical at first sight. 
However, if you look closer, you will see differences among the two pictures. Your task consists in finding the larger number of 
differences and showing them to me as quickly as possible. Additionally, observe attentively the picture in order to be able to 
provide information about it later in the test”. 
 
Encoding - Instructions for the example, provided orally: “Here is an example. The two pictures that you see appear identical, 
but some elements differentiate the picture on the left-hand side, on which you need to find the differences, from the picture on 
the right-hand side, which is the original picture. The differences are indicated by arrows. One is located on the trumpet and the 
other on the vest (once the instructions are provided, click the left button of the mouse device to end the example)”. 
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Encoding - Instructions for the test, provided orally: “We now turn to the test. Again, you will be presented with two pictures and 
your task will be to find, as quickly as possible, all the differences among the two. Each time that you will see a difference, click 
as quickly as possible on the left button of the mouse device. You will hear a beep and will see the pointer appear on the 
screen. You will then need to click on the location where you saw the difference. Are you ready for the test ? (once the 
instructions are provided, click the left button of the mouse device to start the test)”. 
 
Delayed Free Recall – General instructions, provided orally: “Do you remember that at the beginning of the test you had to 
compare two images and find differences among them ? Now I will aks you to name all the elements that were on these images. 
Do not recall only the errors that you found, but all that you have seen”. 
 
Delayed Free Recall – Instructions for the test, displayed on the screen: “Try to remember everything, really everything, that you 
saw on the screen “search for errors”. Name every thing that you remind of this picture”. 
 
A1.1.5.1.2. MATERIAL AND STIMULI 
Table A.8. Correction criteria for the Delayed Free Recall task of the GFT 
Items  Point  Example / Accepted responses 
1st category  1  « There were fuzzy shapes at the top / Il y avait des formes floues en haut » 
 Bicycle - Vélo  1  Vélo, Bicyclette, Bécane 
 Camel - Chameau  1  Chameau, Dromadaire 
 Hat - Chapeau  1  Chapeau, Couvre-chef 
 Star - Etoile  1  Etoile, Astre 
 Dot - Tache  1  « There were dots / Il y avait des taches » 
  If # dots correct (6)  1  « There were 6 dots / il y avait 6 taches » 
      
2nd category     
 Pattern - Motif  1  « There were patterns / Il y avait des motifs » 
  If # pattern correct  (5)  1  « There were 5 patterns / Il y avait 5 motifs » 
      
3rd category  1  « There were animals on the right side / Il y avait des animaux sur la droite» 
 Rabbit - Lièvre  1  Lièvre, Lapin 
 Duck - Canard  1  Canard, Oie 
 Lion  1  Lion, Fauve 
 Horse - Cheval  1  Cheval, Poney, Jument, Ane, Mulet 
 Elephant - Eléphant  1  Eléphant 
      
4th category  1  « There were objects on the center / Il y avait des objets au centre » 
 Glasses - Lunettes  1  Lunettes 
 Candle - Bougie  1  Bougie, Bougeoir, Chandelle, Cierge 
 Dresser - Commode  1  Commode, Armoire, Meuble 
 Carriage - Poussette  1  Poussette, Landau, Pousse-pousse 
 Clock - Horloge  1  Horloge, Montre, Pendule, Réveil 
      
5th category  1  « There were numbers on the left / Il y avait des chiffres sur la gauche » 
 « 1 »  1  1 
 « 3 »  1  3 
 « 5 »  1  5 
 « 7 »  1  7 
 « 9 »  1  9 
 Lines - Traits  1  « There were lines /  Il y avait des traits » 
  If # lines correct  (4)  1  «There were 4 lines /  Il y avait 4 traits » 
      
6th category  1  « There were words at the bottom / Il y avait des mots en bas de l’image » 
 Gilbert  1  Gilbert 
 Suzanne  1  Suzanne 
 En  1  En 
 Octobre  1  Octobre 
 Avril  1  Avril 
      
 Score maximum  36   
 






























   
  
 

































































































































































































































































































































































































































































































































































Method : Task Description - Source Recall 
 
 44
A1.1.5.2. RECALL FROM SOURCE MEMORY 
A1.1.5.2.1. TASK INSTRUCTIONS 
 
Mémoire de Source - Consigne pour le test, présentée à l’écran: “Essayez maintenant de nommer 
toutes les différences que vous avez trouvées”. 
 
Source Memory – Instructions for the test, displayed on the screen: “Now try to name all the differences that you have found”. 
 
 
A1.1.5.2.2. MATERIAL AND STIMULI 































































































































































































































































































































































































































































































A1.1.5.3.1. TASK INSTRUCTIONS 
 
Reconnaissance - Consigne donnée oralement: “Je vais vous montrer un choix d’images. Vous 
devrez rechercher parmi ces images, celles que vous avez vues au tout début de ce test, lorsque 
vous deviez trouver des différences entre deux images. Vous devez donc me dire lesquelles de ces 
images vous avez déjà vues”. 
 
Reconnaissance - Consigne pour le test, présentée à l’écran: “Montrez-moi s.v.p. les figures que vous 
avez déjà vues sur l’écran de «Cherchez les erreurs»”. 
 
Recognition – Instructions for the test, provided orally: “I will show you a set of images. You wil need to search, among these 
images, which of them you have seen at the beginning of this test, when you were required to find the differences among two 
pictures. You have to tell me which images you have already seen before”. 
 
Recognition – Instructions for the test, displayed on the screen: “Please show me the figures that you have already seen in the 
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A1.1.6. PROCESSING SPEED 
A1.1.6.1. TARGET DETECTION TASK 
A1.1.6.1.1. TASK INSTRUCTIONS 
 
The following instructions are presented on the computer screen. They may be read by the 
experimenter on participant’s request. 
 
Consigne pour la tâche: “Vous allez voir apparaître et disparaître de petits soleils qui clignoteront à 
droite ou à gauche de l’écran. Pressez chaque fois immédiatement sur la touche gauche ou droite de 
la souris, selon la direction où est apparu le soleil”. 
 
Instructions for the task: “You will see small suns appearing and disappearing, flashing on the left or on the right of the screen. 
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A1.1.7. RESISTANCE TO INTERFERENCE 
A1.1.7.1. COLOR VISION TASK 
The Color Vision Task comprised four independent screen displays, one for each color used further in 
the Naming and Reading tasks (i.e. yellow, red, green and blue). All displays were 576x720 pixels 
PICT images created with SuperPaint 3.0 (Aldus Corporation, Seattle, USA) and readable by the 
PsyScope software. Each display contained a colored rectangle, located at the center of the screen, 
and the name of its color written in white characters underneath (as reproduced in Table A.9). 
Rectangles were displayed on a black background and sized 120x45 pixels, corresponding 
approximately to 4.2 x 1.6 cm real size on the screen. Their color were chosen from the standard 216-
colors computer palette. They were yellow (RGB:255,204,0; HEX: #FFCC00), red (RGB:221,0,0; HEX: 
#DD0000), green (RGB:0,221,0; HEX: #00DD00) and blue (RGB:0,0,221; HEX: #0000DD). The color 
names were written in Times New Roman True Type 48pts font, so that the longer color names (i.e. 
“rouge” and “jaune”) would be no larger and wider than the rectangle. 
 
    
    
    
Figure A.33. Reproductions of the displays used for the Color Vision test in the Color Stroop 
 
Table A.9. Surface frequencies of the words used in the Color Stroop test 
Word Number of letters Surface frequency1 
bleu 4 14936 
vert 4 10206 
rouge 5 18855 
jaune 5 6500 
fort 4 47010 
neuf 4 13401 
grave 5 12069 
plein 5 37986 
Note. 1 Surface frequency from the Brulex database (Content et al, 1990). 
 
 
A1.1.7.2. TASK INSTRUCTIONS 
Stroop Couleur - Consigne générale : « Dans cette épreuve, vous allez voir apparaître à l’écran des 
mots ou des rectangles en couleur. Il y aura deux parties à cette épreuve. Dans une partie, votre 
tâche consistera à lire les mots qui sont écrits sur l’écran. Dans l’autre partie, vous devrez nommer la 
couleur de l’encre avec laquelle les mots ont été écrits. Je vous demanderai de donner vos réponses 
Appendix 1 
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en parlant bien fort dans le micro. Mais avant de commencer, je vais vous montrer les couleurs qui 
seront utilisées dans l’épreuve ». 
 
Test de la vision de couleur - Consigne: « Je vais maintenant vous montrer à l’écran quatre couleur, 
les unes à la suites des autres. Je vous demanderai de me nommer chacune de ces couleur, en 
parlant bien fort dans le micro. Prêt ? ». 
 
Stroop Couleur, Tâche de Dénomination – Consigne pour l’apprentissage: « Dans cette première  
(deuxième) partie, vous allez voir apparaître à l’écran des mots ou des rectangles de couleur. Votre 
tâche consistera à dénommer à haute voix, la couleur de l’encre avec laquelle les mots ont été écrits 
ou les rectangles dessinées. Je vous demanderai de répondre le plus rapidement possible et sans 
faire d’erreur. Parlez bien fort dans le micro lorsque vous donnez votre réponse. Avant de passer au 
test, je vais d’abord vous montrer quelques exemples ». 
 
Stroop Couleur, Tâche de Dénomination - Consigne pour le test: « Nous allons maintenant passer au 
test lui-même. Il comprend 5 blocs d’essais. Votre tâche sera identique à ce que vous venez de faire. 
Vous allez devoir dénommer à haute voix la couleur de l’encre avec laquelle les mots ou les 
rectangles ont été dessinés. N’oubliez pas de parler bien fort dans le micro. Prêt ? ». 
 
Stroop Couleur, Tâche de Lecture - Consigne pour l’apprentissage: « Dans cette deuxième (première) 
partie, vous allez voir apparaître à l’écran des mots. Votre tâche consistera à lire à haute voix les mots 
qui sont écrits. Je vous demanderai de répondre le plus rapidement possible et sans faire d’erreur. 
Parlez bien fort dans le micro lorsque vous donnez votre réponse. Avant de passer au test, je vais 
d’abord vous montrer quelques exemples ». 
 
Stroop Couleur, Tâche de Lecture - Consigne pour le test: « Nous allons maintenant passer au test 
lui-même. Il comprend 5 blocs d’essais. Votre tâche sera identique à ce que vous venez de faire. 
Vous allez devoir lire à haute voix les mots qui sont présentés à l’écran. N’oubliez pas de parler bien 
fort dans le micro. Prêt ? ». 
 
Color Stroop - General instructions: “In this task, you will see color words or rectangle displayed on the computer screen. There 
will be two parts in this task. In one part, you will be required to read the words written on the screen. In the other part, you will 
be required to name to color of the ink with which the words are written. I will ask you to give your responses by speaking into 
the microphone. Before we start, I will show you the colors that will be used in this task”. 
 
Color vision testing - Instructions: “I will now show you on the screen four colors, on after the other. You will need to name each 
of these colors, by speaking out loud into the microphone”. 
 
Color Stroop, Naming task – Instructions for the learning phase: “In this first (second) part, colored words or rectangles will be 
displayed on the screen. Your task will be to name, out loud, the color of the ink with which the words are written or the 
recatngle are drawn. I will ask you to respond as fast as possible without making any mistakes. Speak out loud in the 
microphone when you give your respons. Before I run the test, I will show you some examples”. 
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Color Stroop, Naming task – Instructions for the test: “We will now turn to the test itself. It comprises 5 blocs of trials. Your task 
will be identical to what you have just done. You will need to name out loud the color of the ink with which the words or the 
rectangles are drawn. Don’t forget to speak out loud in the microphone. Ready ? ”. 
 
Color Stroop, Reading task – Instructions for the learning phase: “In this second (first) part, words will be displayed on the 
screen. Your task will be to read, out loud, the words that are written. I will ask you to respond as fast as possible without 
making any mistakes. Speak out loud in the microphone when you give your responss. Before I run the test, I will show you 
some examples”. 
 
Color Stroop, Naming task – Instructions for the test: “We will now turn to the test itself. It comprises 5 blocs of trials. Your task 
will be identical to what you have just done. You will need to read out loud the the words that are presented. Don’t forget to 
speak out loud in the microphone. Ready ? ”. 
 
A1.1.7.3. MATERIAL AND STIMULI 
Table A.10. Description of the stimuli used in the Reading and the Naming tasks of the Color Stroop 
 Stimulus Color Number of appearances File Name   Stimulus Color 
Number of 
appearances File Name 
           
Congruents (N=36)  Neutral words (N=32) 
 bleu bleu 9 « bcong »   grave bleu 2 « mn1b » 
 rouge rouge 9 « rcong »   grave rouge 2 « mn1r » 
 vert vert 9 « vcong »   grave vert 2 « mn1v » 
 jaune jaune 9 « jcong »   grave jaune 2 « mn1j » 
       fort bleu 2 « mn2b » 
Incongruent (N=36)   fort rouge 2 « mn2r » 
 bleu rouge 3 « bincongr »   fort vert 2 « mn2v » 
 bleu jaune 3 « bincongj »   fort jaune 2 « mn2j » 
 bleu vert 3 « bincongv »   neuf bleu 2 « mn3b » 
 rouge bleu 3 « rincongb »   neuf rouge 2 « mn3r » 
 rouge jaune 3 « rincongj »   neuf vert 2 « mn3v » 
 rouge vert 3 « rincongv »   neuf jaune 2 « mn3j » 
 jaune bleu 3 « jincongb »   plein bleu 2 « mn4b » 
 jaune rouge 3 « jincongr »   plein rouge 2 « mn4r » 
 jaune vert 3 « jincongv »   plein vert 2 « mn4v » 
 vert rouge 3 « vincongr »   plein jaune 2 « mn4j » 
 vert jaune 3 « vincongj »       
 vert bleu 3 « vincongb »       
           
Color-Words (N=36)  Patches (N=36) 
 bleu blanc 9 « bneutre »   rectangle bleu 9 « rectb » 
 rouge blanc 9 « rneutre »   rectangle rouge 9 « rectr » 
 vert blanc 9 « vneutre »   rectangle vert 9 « rectv » 
 jaune blanc 9 « jneutre »   rectangle jaune 9 « rectj » 
           
Note. bleu = blue, rouge=red, vert=green, jaune=yellow, blanc=white, grave=deep , fort=strong, neuf=new and plein=full. 
 
Table A.11. Types of stimuli and number of appearancse by experimental block in the Reading 
and the Naming tasks of the Color Stroop test 
Reading task  Naming task 
 L B1 B2 B3 B4 B5   L B1 B2 B3 B4 B5 
Congruents 2 7 8 7 7 7  Congruents 2 8 7 7 7 7 
Incongruents 2 7 7 8 7 7  Incongruents 2 7 7 8 7 7 
Neutral words 2 7 6 6 7 6  Neutral words 2 6 7 6 6 7 
Color words 2 7 7 7 7 8  Color patches 2 7 7 7 8 7 
Total 8 28 28 28 28 28  Total 8 28 28 28 28 28 
Note. L= Learning block; B1 to B5 = experimental blocks 
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item stimulus color file cond item stimulus color file cond
29 rectangle rouge rectr 4 85 bleu bleu bcong 1
30 bleu jaune bincongj 2 86 grave rouge mn1r 3
31 plein rouge mn4r 3 87 rectangle vert rectv 4
32 bleu vert bincongv 2 88 fort bleu mn2b 3
33 rouge rouge rcong 1 89 vert jaune vincongj 2
34 jaune bleu jincongb 2 90 rectangle rouge rectr 4
35 rectangle jaune rectj 4 91 plein vert mn4v 3
36 bleu bleu bcong 1 92 bleu bleu bcong 1
37 vert rouge vincongr 2 93 rectangle jaune rectj 4
38 bleu bleu bcong 1 94 rouge rouge rcong 1
39 neuf vert mn3v 3 95 jaune vert jincongv 2
40 bleu jaune bincongj 2 96 fort vert mn2v 3
41 rouge rouge rcong 1 97 jaune jaune jcong 1
42 rectangle bleu rectb 4 98 rectangle rouge rectr 4
43 vert jaune vincongj 2 99 vert bleu vincongb 2
44 neuf vert mn3v 3 100 neuf rouge mn3r 3
45 rectangle jaune rectj 4 101 rectangle vert rectv 4
46 fort rouge mn2r 3 102 rouge vert rincongv 2
47 jaune jaune jcong 1 103 jaune jaune jcong 1
item stimulus color file cond 48 rectangle bleu rectb 4 104 bleu rouge bincongr 2
ap1 rectangle rouge rectr 4 49 fort rouge mn2r 3 105 vert vert vcong 1
ap2 jaune jaune jcong 1 50 rectangle vert rectv 4 106 rectangle rouge rectr 4
ap3 plein bleu mn4b 3 51 grave bleu mn1b 3 107 bleu bleu bcong 1
ap4 rectangle vert rectv 4 52 rectangle jaune rectj 4 108 jaune rouge jincongr 2
ap5 rouge rouge rcong 1 53 vert bleu vincongb 2 109 rectangle vert rectv 4
ap6 bleu vert binconv 2 54 rouge rouge rcong 1 110 plein jaune mn4j 3
ap7 fort jaune mn2j 3 55 fort jaune mn2j 3 111 rectangle bleu rectb 4
ap8 jaune rouge jincongr 2 56 vert vert vcong 1 112 vert rouge vincongr 2
item stimulus color file cond item stimulus color file cond item stimulus color file cond
1 grave vert mn1v 3 57 rectangle rouge rectr 4 113 fort jaune mn2j 3
2 rouge rouge rcong 1 58 neuf bleu mn3b 3 114 rectangle rouge rectr 4
3 jaune bleu jincongb 2 59 jaune jaune jcong 1 115 jaune jaune jcong 1
4 rectangle jaune rectj 4 60 bleu rouge bincongr 2 116 rouge bleu rincongb 2
5 vert vert vcong 1 61 rectangle jaune rectj 4 117 plein vert mn4v 3
6 jaune rouge jincong 2 62 plein bleu mn4b 3 118 rouge bleu rincongb 2
7 rectangle vert rectv 4 63 jaune vert jincongv 2 119 grave jaune mn1j 3
8 grave bleu mn1b 3 64 rouge rouge rcong 1 120 rectangle bleu rectb 4
9 rouge rouge rcong 1 65 bleu jaune bincongj 2 121 vert vert vcong 1
10 rectangle bleu rectb 4 66 rectangle bleu rectb 4 122 rectangle jaune rectj 4
11 rouge jaune rincongj 2 67 ver vert vcong 1 123 bleu bleu bcong 1
12 rectangle jaune rectj 4 68 rouge jaune rincongj 2 124 neuf rouge mn3r 3
13 vert vert vcong 1 69 rectangle vert rectv 4 125 grave vert mn1v 3
14 rouge jaune rincongj 2 70 jaune bleu jincongb 2 126 bleu bleu bcong 1
15 fort bleu mn2b 3 71 vert vert vcong 1 127 rectangle jaune rectj 4
16 rectangle vert rectv 4 72 jaune rouge jincongr 2 128 bleu vert bincongv 2
17 bleu rouge bincongr 2 73 plein rouge mn4r 3 129 rouge rouge rcong 1
18 jaune jaune jcong 1 74 jaune jaune jcong 1 130 rectangle vert rectv 4
19 rectangle bleu rectb 4 75 rectangle vert rectv 4 131 plein bleu mn4b 3
20 neuf jaune mn3j 3 76 neuf bleu mn3b 3 132 rectangle rouge rectr 4
21 vert vert vcong 1 77 vert rouge vincongr 2 133 jaune jaune jcong 1
22 rouge vert rincongv 2 78 rectangle bleu rectb 4 134 vert bleu vincongb 2
23 jaune jaune jcong 1 79 grave rouge mn1r 3 135 plein jaune mn4j 3
24 rectangle rouge rectr 4 80 vert vert vcong 1 136 jaune vert jincongv 2
25 grave jaune mn1j 3 81 rouge bleu rincongb 2 137 rouge rouge rcong 1
26 bleu bleu bcong 1 82 fort vert mn2v 3 138 vert jaune vincongj 2
27 neuf jaune mn3j 3 83 bleu bleu bcong 1 139 rectangle bleu rectb 4
28 bleu vert bincongv 2 84 rectangle rouge rectr 4 140 rouge vert rincongv 2
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item stimulus color file cond item stimulus color file cond
29 neuf bleu mn3b 3 85 rouge bleu rincongb 2
30 jaune jaune jcong 1 86 jaune blanc jneutre 4
31 rouge blanc rneutre 4 87 bleu bleu bcong 1
32 bleu jaune bincongj 2 88 rouge blanc rneutre 4
33 vert vert vcong 1 89 bleu vert bincongv 2
34 jaune rouge jincongr 2 90 neuf jaune mn3j 3
35 vert blanc vneutre 4 91 bleu vert bincongv 2
36 neuf rouge mn3r 3 92 fort rouge mn2r 3
37 bleu vert bincongv 2 93 vert blanc vneutre 4
38 jaune jaune jcong 1 94 rouge jaune rincongj 2
39 vert rouge vincongr 2 95 grave bleu mn1b 3
40 grave bleu mn1b 3 96 jaune blanc jneutre 4
41 vert blanc vneutre 4 97 vert vert vcong 1
42 bleu bleu bcong 1 98 rouge bleu rincongb 2
43 vert rouge vincongr 2 99 jaune jaune jcong 1
44 plein rouge mn4r 3 100 neuf vert mn3v 3
45 bleu blanc bneutre 4 101 vert vert vcong 1
46 rouge vert rincongv 2 102 plein bleu mn4b 3
47 jaune jaune jcong 1 103 rouge rouge rcong 1
item stimulus color file cond 48 rouge blanc rneutre 4 104 jaune bleu jincongb 2
ap1 vert vert vcong 1 49 vert vert vcong 1 105 vert vert vcong 1
ap2 bleu blanc bneutre 4 50 bleu rouge bincongr 2 106 rouge blanc rneutre 4
ap3 jaune vert jincongv 2 51 plein jaune mn4j 3 107 fort vert mn2v 3
ap4 grave rouge mn1r 3 52 vert blanc vneutre 4 108 jaune bleu jincongb 2
ap5 rouge vert rincongv 2 53 jaune jaune jcong 1 109 fort bleu mn2b 3
ap6 bleu bleu bcong 1 54 bleu blanc bneutre 4 110 rouge blanc rneutre 4
ap7 jaune blanc jneutre 4 55 rouge rouge rcong 1 111 vert vert vcong 1
ap8 neuf bleu mn3b 3 56 fort bleu mn2b 3 112 jaune blanc jneutre 4
item stimulus color file cond item stimulus color file cond item stimulus color file cond
1 grave rouge mn1r 3 57 jaune rouge jincongr 2 113 grave vert mn1v 3
2 vert vert vcong 1 58 bleu bleu bcong 1 114 bleu bleu bcong 1
3 jaune blanc jneutre 4 59 jaune blanc jneutre 4 115 plein rouge mn4r 3
4 rouge rouge rcong 1 60 rouge vert rincongv 2 116 vert blanc vneutre 4
5 jaune vert jincongv 2 61 vert blanc vneutre 4 117 jaune jaune jcong 1
6 neuf bleu mn3b 3 62 bleu bleu bcong 1 118 rouge vert rincongv 2
7 rouge blanc rneutre 4 63 vert blanc vneutre 4 119 plein jaune mn4j 3
8 bleu jaune bincongj 2 64 grave jaune mn1j 3 120 rouge blanc rneutre 4
9 jaune blanc jneutre 4 65 bleu blanc bneutre 4 121 bleu bleu bcong 1
10 rouge rouge rcong 1 66 jaune vert jincongv 2 122 jaune blanc jneutre 4
11 fort jaune mn2j 3 67 bleu bleu bcong 1 123 vert bleu vincongb 2
12 vert rouge vincongr 2 68 grave jaune mn1j 3 124 grave rouge mn1r 3
13 plein bleu mn4b 3 69 bleu rouge binbcongr 2 125 jaune blanc jneutre 4
14 jaune jaune jcong 1 70 vert vert vcong 1 126 bleu bleu bcong 1
15 plein vert mn4v 3 71 fort rouge mn2r 3 127 vert jaune vincongj 2
16 bleu jaune bincongj 2 72 vert vert vcong 1 128 vert blanc vneutre 4
17 rouge rouge rcong 1 73 jaune bleu jincongb 2 129 bleu rouge bincongr 2
18 jaune vert jincongv 2 74 neuf vert mn3v 3 130 fort jaune mn2j 3
19 bleu blanc bneutre 4 75 rouge blanc rneutre 4 131 rouge rouge rcong 1
20 vert bleu vincongb 2 76 neuf jaune mn3j 3 132 bleu blanc bneutre 4
21 rouge rouge rcong 1 77 vert bleu vincongb 2 133 jaune rouge jincongr 2
22 bleu blanc bneutre 4 78 bleu blanc bneutre 4 134 plein vert mn4v 3
23 neuf rouge mn3r 3 79 rouge jaune rincongj 2 135 jaune jaune jcong 1
24 bleu bleu bcong 1 80 vert blanc vneutre 4 136 rouge bleu rincongb 2
25 rouge blanc rneutre 4 81 jaune jaune jcong 1 137 jaune blanc jneutre 4
26 fort vert mn2v 3 82 grave vert mn1v 3 138 rouge rouge rcong 1
27 bleu blanc bneutre 4 83 rouge rouge rcong 1 139 bleu blanc bneutre 4
28 vert jaune vincongj 2 84 vert jaune vincongj 2 140 rouge jaune rincongj 2
LECTURE - APPRENTISSAGE
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N° sujet:..................................... Experimentateur:.......................... Lecture:................
Date:.......................................... Lieu:........................................... Dénomination:........
DENOMINATION DENOMINATION
1 vert grave 57 rouge rectangle
2 rouge rouge 58 bleu neuf
3 bleu jaune 59 jaune jaune
4 jaune rectangle 60 rouge bleu
5 vert vert 61 jaune rectangle
6 rouge jaune 62 bleu plein
7 vert rectangle 63 vert jaune
8 bleu grave 64 rouge rouge
9 rouge rouge 65 jaune bleu
10 bleu rectangle 66 bleu rectangle
11 jaune rouge 67 vert ver
12 jaune rectangle 68 jaune rouge
13 vert vert 69 vert rectangle
14 jaune rouge 70 bleu jaune
15 bleu fort 71 vert vert
16 vert rectangle 72 rouge jaune
17 rouge bleu 73 rouge plein
18 jaune jaune 74 jaune jaune
19 bleu rectangle 75 vert rectangle
20 jaune neuf 76 bleu neuf
21 vert vert 77 rouge vert
22 vert rouge 78 bleu rectangle
23 jaune jaune 79 rouge grave
24 rouge rectangle 80 vert vert
25 jaune grave 81 bleu rouge
26 bleu bleu 82 vert fort
27 jaune neuf 83 bleu bleu
28 vert bleu 84 rouge rectangle
29 rouge rectangle 85 bleu bleu
30 jaune bleu 86 rouge grave
31 rouge plein 87 vert rectangle
32 vert bleu 88 bleu fort
33 rouge rouge 89 jaune vert
34 bleu jaune 90 rouge rectangle
35 jaune rectangle 91 vert plein
36 bleu bleu 92 bleu bleu
37 rouge vert 93 jaune rectangle
38 bleu bleu 94 vert jaune
39 vert neuf 95 rouge rouge
40 jaune bleu 96 vert fort
41 rouge rouge 97 jaune jaune
42 bleu rectangle 98 rouge rectangle
43 jaune vert 99 bleu vert
44 vert neuf 100 rouge neuf
45 jaune rectangle 101 vert rectangle
46 rouge fort 102 vert rouge
47 jaune jaune 103 jaune jaune
48 bleu rectangle 104 rouge bleu
49 rouge fort 105 vert vert
50 vert rectangle 106 rouge rectangle
51 bleu grave 107 bleu bleu
52 jaune rectangle 108 rouge jaune
53 bleu vert 109 vert rectangle
54 rouge rouge 110 jaune plein
55 jaune fort 111 bleu rectangle
56 vert vert 112 rouge vert  
 
Figure A.36. Response protocol for Color Stroop Task 
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113 jaune fort 1 grave rouge
114 rouge rectangle 2 vert vert
115 jaune jaune 3 jaune blanc
116 bleu rouge 4 rouge rouge
117 vert plein 5 jaune vert
118 bleu rouge 6 neuf bleu
119 jaune grave 7 rouge blanc
120 bleu rectangle 8 bleu jaune
121 vert vert 9 jaune blanc
122 jaune rectangle 10 rouge rouge
123 bleu bleu 11 fort jaune
124 rouge neuf 12 vert rouge
125 vert grave 13 plein bleu
126 bleu bleu 14 jaune jaune
127 jaune rectangle 15 plein vert
128 vert bleu 16 bleu jaune
129 rouge rouge 17 rouge rouge
130 vert rectangle 18 jaune vert
131 bleu plein 19 bleu blanc
132 rouge rectangle 20 vert bleu
133 jaune jaune 21 rouge rouge
134 bleu vert 22 bleu blanc
135 jaune plein 23 neuf rouge
136 vert jaune 24 bleu bleu
137 rouge rouge 25 rouge blanc
138 jaune vert 26 fort vert
139 bleu rectangle 27 bleu blanc
140 vert rouge 28 vert jaune
29 neuf bleu
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 CORRECT INCORRECT AUTRE 113 grave vert
57 jaune rouge 114 bleu bleu
58 bleu bleu 115 plein rouge
59 jaune blanc 116 vert blanc
60 rouge vert 117 jaune jaune
61 vert blanc 118 rouge vert
62 bleu bleu 119 plein jaune
63 vert blanc 120 rouge blanc
64 grave jaune 121 bleu bleu
65 bleu blanc 122 jaune blanc
66 jaune vert 123 vert bleu
67 bleu bleu 124 grave rouge
68 grave jaune 125 jaune blanc
69 bleu rouge 126 bleu bleu
70 vert vert 127 vert jaune
71 fort rouge 128 vert blanc
72 vert vert 129 bleu rouge
73 jaune bleu 130 fort jaune
74 neuf vert 131 rouge rouge
75 rouge blanc 132 bleu blanc
76 neuf jaune 133 jaune rouge
77 vert bleu 134 plein vert
78 bleu blanc 135 jaune jaune
79 rouge jaune 136 rouge bleu
80 vert blanc 137 jaune blanc
81 jaune jaune 138 rouge rouge
82 grave vert 139 bleu blanc
83 rouge rouge 140 rouge jaune
84 vert jaune
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A1.2. SELECTION OF THE STUDY POPULATION 
A1.2.1. UNIVARIATE ANALYSES OF THE READING SPAN  
A1.2.1.1. RELIABILITY  
 
The reliability analyses were conducted on the median judgment time for correct responses and the 
number of correct semantic judgments in the Semantic Judgment task and on the median judgment 
time for correct responses, the number of correct semantic judgments, the total number of words 
correctly recalled independently of the order of presentation and the number of correct items (based 
on both correct judgment and recall) in the Reading Span task. Reliability indices were computed 
using a split-half procedure, taking into account the item characteristics (mono- or trisyllabic words, 
number of nouns in the sentence and level of difficulty). Results are provided in Table A.12. 
 
Table A.12. Split-half descriptive statistics, correlations and reliability indices for the Semantic 
Judgment task and the Reading Span task1 






Full Sample (N=168)            
SJ - Judgment time  1882 1801 651 603 980 988 5965 4719 0.92 0.96 0.96 
SJ - Judgment, Correct responses 7.61 7.52 0.62 0.69 5 4 8 8 0.04 0.07 0.07 
RS - Judgment time 2424 2364 822 835 1046 955 5929 6424 0.96 0.98 0.98 
RS - Judgment, Correct responses 27.12 27.25 1.38 1.04 20 23 28 28 0.46 0.63 0.61 
RS - Recall, Correct words 20.25 21.19 4.73 3.93 8 10 28 28 0.81 0.89 0.88 
RS - Correct items 4.02 4.45 2.07 1.68 0 0 8 8 0.75 0.86 0.85 
            
Younger (N=75)            
SJ - Judgment time  1531 1495 347 385 980 988 2551 2769 0.88 0.94 0.93 
SJ - Judgment, Correct responses 7.67 7.77 0.55 0.51 6 6 8 8 0.16 0.28 0.28 
RS - Judgment time 1966 1970 532 558 1046 955 4061 4255 0.96 0.98 0.98 
RS - Judgment, Correct responses 27.27 27.37 1.21 0.83 22 25 28 28 0.33 0.49 0.47 
RS - Recall, Correct words 22.64 23.17 3.63 3.01 14 14 28 28 0.62 0.77 0.76 
RS - Correct items 5.00 5.17 1.69 1.39 2 2 8 8 0.51 0.68 0.67 
            
Older (N=93)            
SJ - Judgment time  2165 2047 699 635 1315 1125 5965 4719 0.91 0.95 0.95 
SJ - Judgment, Correct responses 7.56 7.32 0.67 0.75 5 4 8 8 -0.06 -* -* 
RS - Judgment time 2793 2682 831 887 1615 1480 5929 6424 0.94 0.97 0.97 
RS - Judgment, Correct responses 27.00 27.15 1.50 1.17 20 23 28 28 0.52 0.68 0.67 
RS - Recall, Correct words 18.32 19.59 4.64 3.86 8 10 27 27 0.82 0.90 0.89 
RS - Correct items 3.24 3.87 2.01 1.67 0 0 7 7 0.80 0.89 0.88 
      
Note. 1 In the Semantic Judgement task, the first half contained items 111, 115, 117, 118, 132, 133, 134, 136, and the second half contained items 
112, 113, 114, 116, 131, 135, 137,138; In the Reading Span, the first half contained items 211, 232, 312, 332, 412, 431, 512, 531 and the second half 
contained items 212, 231, 311, 331, 411, 432, 511, 532. SJ = Semantic Judgment task ; RS =  Reading Span task. * Due to negative correlations 
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A1.2.1.2. EFFECT OF THE LEVEL OF DIFFICULTY 
A1.2.1.2.1. NUMBER OF CORRECT ITEMS 
In the Reading Span task, an item was defined by series of 2 to 5 sentences. Each item was quoted 1 
if succeeded, 0 if failed. The success was defined according to three different criteria: The first criteria  
was to consider an item as correct based only on the correct semantic judgment (i.e. judgment only). 
In this case, the item was considered as correct if the participant’s response (Y/N) was isomorphic with 
the content of each sentence comprised in the item. The second criteria took into account only the 
word recall (i.e. recall only). In this case, the item was considered as correct if the participant recalled 
all the words presented in a given series, independantly of the order of presentation. In both case, the 
success was determined based on one single aspect of the task (either the semantic judgment or the 
recall). To ensure that the participants performed both task concurrently, a third criteria was introduced 
to determine the valence of each item. This criteria took into account both a correct semantic 
judgement and a correct recall (i.e. judgment and recall). Indeed, an item was considered as 
succeeded only if both the semantic judgment was isomorphic to the content of each sentences, but 
also if the word recall corresponded (independantly of the order of presentation) to the words 
adminstered in the sequence.  
 
Proportion of correct responses by item 
For information purpose, Table A.13. provides the proportion of correct responses for each item, 
according to each of the three criteria used to assess success. Figure A.37 reports graphically the 
proportion of correct responses by Age group for each item according to the third criteria.  
 
Table A.13. Proportion of correct responses by Item based on semantic judgment, word recall, 
semantic judgment and recall for the complete sample and the two groups separately 
  judgment only a recall only b  judgment and recall c 
Items and words to be recalled Item code  M SD M SD  M SD 
         
Full sample (N=168)         
J: rêve / dos 211 0.923 0.268 0.762 0.427  0.762 0.459 
J: chaise / corps 212 0.958 0.200 0.917 0.277  0.917 0.318 
J: camarades / cheminées 231 0.964 0.186 0.940 0.237  0.940 0.268 
J: pantalon / profondeur 232 0.946 0.226 0.887 0.318  0.887 0.351 
J: chiens / lit / nez 311 0.946 0.226 0.821 0.384  0.821 0.398 
J: ciel / fer / eau 312 0.970 0.170 0.744 0.438  0.744 0.444 
J: caractère / président / escalier 331 0.952 0.214 0.702 0.459  0.702 0.468 
J: attention / caméra / pharmacie 332 0.935 0.248 0.655 0.477  0.655 0.486 
J: feu / train / poches / fleurs 411 0.952 0.214 0.601 0.491  0.601 0.494 
J: lune / bêtes / vent / langue 412 0.821 0.384 0.482 0.501  0.482 0.497 
J: maladie / chocolat / éléphant / saladier 431 0.899 0.302 0.304 0.461  0.304 0.450 
J: lampadaire / abricot / éventail / téléphone 432 0.869 0.338 0.327 0.471  0.327 0.453 
J: mains / homme / pluie / front / ville 511 0.815 0.389 0.280 0.450  0.280 0.441 
J: pain / verre / classe / roses / doigts 512 0.869 0.338 0.375 0.486  0.375 0.473 
J: instruments / canapé / ramoneurs / caravane / écureuils 531 0.863 0.345 0.060 0.237  0.060 0.237 
J: tabouret / appetit / raccourci / vitamines / cinéma 532 0.839 0.368 0.030 0.170  0.030 0.170 
                 
Note. a Items were considered as correct when only the semantic judgment was correct. b Items were considered as correct when only the 
word recall was correct. c Items were considered as correct when both the semantic judgment and the word recall were correct. 
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Table A.13. ctn’d. Proportion of correct responses by item based on semantic judgment, word recall, 
semantic judgment and recall for the complete sample and the two groups separately 
  judgment only a recall only b  judgment and recall c 
Items and words to be recalled Item code  M SD M SD  M SD 
Younger only (N=75)         
J: rêve / dos 211 0.933 0.251 0.867 0.342  0.813 0.392 
J: chaise / corps 212 0.960 0.197 0.920 0.273  0.880 0.327 
J: camarades / cheminées 231 0.987 0.115 1.000 0.000  0.987 0.115 
J: pantalon / profondeur 232 0.973 0.162 0.947 0.226  0.920 0.273 
J: chiens / lit / nez 311 0.947 0.226 0.893 0.311  0.867 0.342 
J: ciel / fer / eau 312 0.987 0.115 0.893 0.311  0.880 0.327 
J: caractère / président / escalier 331 0.960 0.197 0.787 0.412  0.760 0.430 
J: attention / caméra / pharmacie 332 0.933 0.251 0.813 0.392  0.773 0.421 
J: feu / train / poches / fleurs 411 0.960 0.197 0.800 0.403  0.773 0.421 
J: lune / bêtes / vent / langue 412 0.827 0.381 0.693 0.464  0.613 0.490 
J: maladie / chocolat / éléphant / saladier 431 0.933 0.251 0.373 0.487  0.347 0.479 
J: lampadaire / abricot / éventail / téléphone 432 0.853 0.356 0.467 0.502  0.413 0.496 
J: mains / homme / pluie / front / ville 511 0.880 0.327 0.467 0.502  0.440 0.500 
J: pain / verre / classe / roses / doigts 512 0.907 0.293 0.600 0.493  0.533 0.502 
J: instruments / canapé / ramoneurs / caravane / écureuils 531 0.853 0.356 0.120 0.327  0.120 0.327 
J: tabouret / appetit / raccourci / vitamines / cinéma 532 0.853 0.356 0.053 0.226  0.053 0.226 
Older only (N=93)         
J: rêve / dos 211 0.914 0.282 0.677 0.470  0.613 0.490 
J: chaise / corps 212 0.957 0.204 0.914 0.282  0.892 0.311 
J: camarades / cheminées 231 0.946 0.227 0.892 0.311  0.871 0.337 
J: pantalon / profondeur 232 0.925 0.265 0.839 0.370  0.806 0.397 
J: chiens / lit / nez 311 0.946 0.227 0.763 0.427  0.753 0.434 
J: ciel / fer / eau 312 0.957 0.204 0.624 0.487  0.613 0.490 
J: caractère / président / escalier 331 0.946 0.227 0.634 0.484  0.613 0.490 
J: attention / caméra / pharmacie 332 0.935 0.247 0.527 0.502  0.505 0.503 
J: feu / train / poches / fleurs 411 0.946 0.227 0.441 0.499  0.430 0.498 
J: lune / bêtes / vent / langue 412 0.817 0.389 0.312 0.466  0.290 0.456 
J: maladie / chocolat / éléphant / saladier 431 0.871 0.337 0.247 0.434  0.226 0.420 
J: lampadaire / abricot / éventail / téléphone 432 0.882 0.325 0.215 0.413  0.183 0.389 
J: mains / homme / pluie / front / ville 511 0.763 0.427 0.129 0.337  0.118 0.325 
J: pain / verre / classe / roses / doigts 512 0.839 0.370 0.194 0.397  0.172 0.379 
J: instruments / canapé / ramoneurs / caravane / écureuils 531 0.871 0.337 0.011 0.104  0.011 0.104 
J: tabouret / appetit / raccourci / vitamines / cinéma 532 0.828 0.379 0.011 0.104  0.011 0.104 
                 
Note. a Items were considered as correct when only the semantic judgment was correct. b Items were considered as correct when only the 


























Note. For sake of clarity, the items are not displayed in the original order of administration. They are rearranged according to the level of difficulty 
(given by the first digit of the item number) and the number of syllables in the words to be recalled (given by the second digit of the item number). 
Thus, the x-axis displays from left to right the increasing difficulty of the items.  
Figure A.37. Proportion of correct responses by Age group and by Item for the Reading Span task 
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Number of correct items by level of difficulty 
Analyses of number of correct items were conducted by Age group and Level of difficulty. Here again, 
the items were considered correct when both the semantic judgment and the word recall were 
succeeded. The descriptive statistics relative to these data are provided in Table A.14.  
 
Table A.14. Number of correct items (max=4) by Age group and Level of 
difficulty in the Reading Span task: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Younger 
 Level-2 75 4.00 3.60 0.62 1.00 4.00 -1.646 3.327 
 Level-3 75 3.00 3.28 0.85 1.00 4.00 -1.125 0.763 
 Level-4 75 2.00 2.15 1.14 0.00 4.00 0.045 -0.710 
 Level-5 75 1.00 1.15 1.06 0.00 4.00 0.604 -0.544 
Older 
 Level-2 93 3.00 3.18 0.99 0.00 4.00 -1.275 1.274 
 Level-3 93 3.00 2.48 1.48 0.00 4.00 -0.473 -1.156 
 Level-4 93 1.00 1.13 1.30 0.00 4.00 0.950 -0.200 
 Level-5 93 0.00 0.31 0.63 0.00 2.00 1.843 2.108 
Note. MD = median; M = mean; skew = Skewness; kurt = Kurtosis.  
 
 
An ANOVA was conducted on these scores entering Age (Younger, Older) as a between-subject 
factor and Level of difficulty (Level-2 to Level-5) as repeated measures. The results, reported in Table 
A.15, revealed sigificant main effects of Age and Level of difficulty, as well as a significant Age*Level 
interaction49. The significant main effect of Age supported the fact that overall younger adults had a 
higher performance (2.543 ± 0.091, M ± SE) than older ones (1.777 ± 0.082).  
The Age*Level interaction was further tested by conducting post-hoc Tukey HSD tests. The results, 
reported in Table A.16. and graphically summarized in Figure A.38, revealed that age-related 
differences in performance were observed for all levels of difficulty, with the exception of level-2 at 
which performance was close to ceiling for both age groups. As concerns the effect of the level of 
difficulty over performance in the younger group, results revealed that there were no significant 
differences between performances at level-2 and at level-3. At level-4 and level-5, however, 
performance was significantly reduced. As concerns the older adults, the number of correct items 
decreased already from level-2 to level-3. Thus not only the older adults showed an overall lower 
performance than the younger, they additionally were more rapidely affected by the increasing 
complexity of the items. 
                                                 
49 The same analysis was conducted for items considering only semantic judgment and only word recall. Considering word 
recall only, results revealed a similar pattern both for the ANOVA, Group F(1,166)=43.458, p<.001, Level: F(3,498)=382.035, 
p<.001 and Group*Level: F(2,498)= 5.572, p=.001, and for the post-hoc pair-wise comparisons conducted to test the 
Group*Level interaction. Considering only judgment as criteria for item accuracy lead to slightly difference results: Group 
F(1,166)=2.247, p=NS, Level: F(3,498)=22.837, p<.001 and Group*Level: F(2,498)= .658, p=.578. Post-hoc pair-wise 
comparisons (Tukey HSD test) conducted to test the main effect of Level revealed that Level-2 and Level-3 were not 
significantly different, but that further in higher levels, performance significantly decreased. 
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Table A.15. Number of correct items by Age group and Level of difficulty in the Reading Span task; 
Analysis of variance a,b 






Error F p 
partial 
η2 
Age 1 97.558 166 2.49649 39.078 0.001 0.191 
Level 3 241.204 498 0.65663 367.335 0.001 0.689 
Age * Level 3 2.638 498 0.65663 4.018 0.008 0.024 
Note: a Levene’s test of equality of error variances showed that the variances of the two groups were significantly different at Level-2, 
F(1,166)=10.356, p=.002, at Level-3, F(1,166)=40.623, p<.001, and at Level-5, F(1,166)=23.672, p<.001, but not at Level-4, F(1,166)=1.812, 
p=.180. b Results are reported without sphericity correction: Mauchly’s test conducted to assess sphericity for the Level factor revealed non 


































Means and Standard Errors
post-hoc tests: * p<.05, ** p<.01
Figure A.38. Number of correct items by Age group and Level of difficulty for the 
Reading Span task (means and standard errors) 
 
Table A.16. Number of correct items by Age group and Level of difficulty in the Reading Span task; 
Approximate Probabilities for Post Hoc Tukey HSD Tests  
  {1} {2} {3} {4} {5} {6} {7} {8} 
  3.60 3.28 2.15 1.15 3.18 2.48 3.60 3.28 
Younger – Level-2 {1}  0.232 0.001 0.001 0.686 0.001 0.001 0.001 
Younger – Level-3 {2} 0.232  0.001 0.001 0.999 0.026 0.001 0.001 
Younger – Level-4 {3} 0.001 0.001  0.001 0.001 0.444 0.001 0.001 
Younger – Level-5 {4} 0.001 0.001 0.001  0.001 0.001 1.000 0.015 
Older – Level-2 {5} 0.686 0.999 0.001 0.001  0.001 0.001 0.001 
Older – Level-3 {6} 0.001 0.026 0.444 0.001 0.001  0.001 0.001 
Older – Level-4 {7} 0.001 0.001 0.001 1.000 0.001 0.001  0.001 
Older – Level-5 {8} 0.001 0.001 0.001 0.015 0.001 0.001 0.001  
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A1.2.1.2.2. NUMBER OF WORDS CORRECTLY RECALLED 
To assess the performance by group and level of difficulty in terms of word recall, we used a 
proportion of words correctly recalled computed for each individual and each level of difficulty as the 
total number of words correctly recalled at a given level of difficulty over the maximum possible 
number of correct words for the corresponding level (i.e. the maximum being 8 at level-2, 12 at level-3, 
16 at level-4 and 20 at level-5)50. The descriptive statistics for this score are reported in  
Table A.18. For information purpose, the main results of the descriptive statistics for the number of 
words correctly recalled are also provided, as shown in Table A.17. 
Table A.17. Total number of words correctly recalled by 
Age group and Level of difficulty in the Reading Span 
task: Descriptive statistics 
  
  
MD M sd min max 
Younger (N=75) 
 Level-2 (max=8) 8.00 7.73 0.47 6.00 8.00 
 Level-3 (max=12) 14.00 13.23 2.51 5.00 16.00 
 Level-4 (max=16) 12.00 11.23 1.13 7.00 12.00 
 Level-5 (max=20) 14.00 13.63 3.19 7.00 20.00 
Older (N=93) 
 Level-2 (max=8) 8.00 7.31 0.96 4.00 8.00 
 Level-3 (max=12) 10.00 10.51 3.39 4.00 16.00 
 Level-4 (max=16) 11.00 10.09 2.09 4.00 12.00 
 Level-5 (max=20) 9.00 10.01 3.26 3.00 18.00 
 
Table A.18. Proportion of words correctly recalled by Age group and Level of 
difficulty in the Reading Span task: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Younger 
 Level-2 75 1.00 0.97 0.06 0.75 1.00 -1.461 1.068 
 Level-3 75 1.00 0.94 0.09 0.58 1.00 -1.720 2.771 
 Level-4 75 0.88 0.83 0.16 0.31 1.00 -0.973 0.697 
 Level-5 75 0.70 0.68 0.16 0.35 1.00 -0.128 -0.814 
Older 
 Level-2 93 1.00 0.91 0.12 0.50 1.00 -1.432 1.459 
 Level-3 93 0.92 0.84 0.17 0.33 1.00 -0.848 -0.218 
 Level-4 93 0.63 0.66 0.21 0.25 1.00 -0.028 -0.977 
 Level-5 93 0.45 0.50 0.16 0.15 0.90 0.532 -0.170 
Note. MD = median; M = mean; skew = Skewness; kurt = Kurtosis.  
                                                 
50 The choice to use a proportion instead of the raw number of correct words was guided by the will to compare the performance 
across levels of difficulty, which was made impossible using raw data (de facto, the higher the difficulty level, the longer the 
series and thus, the higher the number of words to be recalled). Indeed, using raw data would lead to an artefactual main effect 
of Level of difficulty, inherent to the intrinsic structure of the task. However, using a proportion allowed to avoid this artifact and 
thus, allowed to assess the effect of Level of difficulty on the performance. 
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An ANOVA was conducted the proportion of words correctly recalled, entering the Age group 
(Younger, Older) as a between-subjects factor and the Level of difficulty (Level-2 to Level-5) as within-
subjects repeated measures. The results are reported in Table A.19 and revealed that all main effects 
were significant. As confirmed by the Age group significant main effect, the younger adults showed an 
overall better performance (0.853 ± 0.014, M ± SE) than the orlder adults (0.728 ± 0.012).  
 
Table A.19. Proportion of words correctly recalled by Age group and Level of difficulty in the 
Reading Span task: Analysis of variance 






Error F p 
partial 
η2 
Age 1 2.581 166 0.05679 45.443 0.001 0.215 
Level 3 4.106 498 0.01180 348.084 0.001 0.677 
Age * Level 3 0.156 498 0.01180 13.223 0.001 0.074 
Note: a Levene’s test of equality of error variances showed that the variances of the two groups were significantly different at Level-2, 
F(1,166)=28.242, p<.001, at Level-3, F(1,166)=36.306, p<.001, and at Level-4, F(1,166)=11.946, p=.001, but not at Level-5, F(1,166)=0.026, 
p=.872. b Results are reported without sphericity correction: Mauchly’s test conducted to assess sphericity for the Level factor showed a 
Greenhouse-Geisser Epsilon value of 0.933, with W=0.893, p<.002. 
 
The Age*Level interaction was tested by conducting post-hoc Tukey HSD tests. The results, reported 
in Table A.20 and graphically summarized in Figure A.39, revealed that younger and older adults had 
equivalent performance at level-2, but differed significantly at all higher levels of difficulty. Additionally, 
whereas younger adults were not hampered by level-3 items (relative to level-2 items), the older adults 
already showed a significant decrease in performance from level-2 to level-3. Furthermore, this 
inflection in performance persevered as a function of the increasing difficulty for all other levels. This 
pattern was also observed in the younger group, but only from level-4 on. Thus, as a whole, these 
results mirror the findings pertaining to the proportion of items succeeded. Again, they support the fact 
that, overall, performance decreased as the level of difficulty increases. Furthermore, the results 
demonstrated that older adults were already hampered at levels of difficulty at which younger adults 
still showed ceiling performance.  
 
Table A.20. Proportion of words correctly recalled by Age group and Level of difficulty in the 
Reading Span task; Approximate Probabilities for Post Hoc Tukey HSD Tests  
  {1} {2} {3} {4} {5} {6} {7} {8} 
  .967 .936 .827 .681 .914 .841 .657 .501 
Younger – Level-2 {1}  0.651 0.001 0.001 0.846 0.001 0.001 0.001 
Younger – Level-3 {2} 0.651  0.001 0.001 0.985 0.167 0.001 0.001 
Younger – Level-4 {3} 0.001 0.001  0.001 0.005 0.999 0.001 0.001 
Younger – Level-5 {4} 0.001 0.001 0.001  0.001 0.001 0.967 0.001 
Older – Level-2 {5} 0.846 0.985 0.005 0.001  0.001 0.001 0.001 
Older – Level-3 {6} 0.001 0.167 0.999 0.001 0.001  0.001 0.001 
Older – Level-4 {7} 0.001 0.001 0.001 0.967 0.001 0.001  0.001 
Older – Level-5 {8} 0.001 0.001 0.001 0.001 0.001 0.001 0.001  










































Means and Standard Errors
post-hoc tests: * p<.05, ** p<.01
Figure A.39. Proportion of correct words by Age group and Level of difficulty for the 
Reading Span task (means and standard errors) 
 
A1.2.1.2.3. SEMANTIC JUDGMENT TIME  
To assess the effect of level of difficulty on response times to the semantic content of the sentences, a 
median response time by level was computed for for each participant, taking into account only the 
times for the correct responses. In the younger group, the number of correct responses were of 7.85 ± 
0.43, 11.83 ± 0.38, 15.51 ± 0.81 and 19.45 ± 0.89 (M ± sd) for level-2, level-3, level-4 and level-5, 
respectively. The corresponding values for the older group were of 7.73 ± 0.57, 11.76 ± 0.56, 15.43 ± 
1.06 and 19.23 ± 1.01. Hence, regarding the accuracy of semantic judgment, performance was almost 
at ceiling. This rapid inspection of the accuracy performance ensured that the median time was 
computed on a similar number of observations in both the younger and older populations. Provided 
this, the median judgment time for correct responses was computed by group and level of difficulty. 
The descriptive statistics for this score are provided in Table A.21. From the entries in this table, it can 
be seen that, in regard of the shape of the data, the distributions observed showed joint positive 
skewness and positive kurtosis, which is characteristic of reaction time distributions. As a 
consequence, the time measures were log-transformed. Transfomation was carried out for each 
measure point and individual means were computed for each level of difficulty.  
 
Inferential statistics were conducted by ANOVA on the log-transformed response time, entering the 
Age group (Younger, Older) as a between-subjects factor and the Level of difficulty (Level-2 to Level-
5) as within-subjects repeated measures. The results are reported in Table A.22. This analysis 
revealed that younger adults had a significantly better performance than older adults, with a mean log-
value of 3.30 ± 0.013 (M ± SE, approximated average of 1995ms) relative to a mean log-value of 3.44 
± 0.012 (approx. 2755ms) in the older group. The effect of Level of difficulty was also significant but 
difficult to interpret as such. Indeed, the overall mean log-values were of 3.38 ± 0.01 (approx. 2400ms) 
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at level-2, 3.34 ± 0.01 (approx. 2190ms) at level-3, 3.37 ± 0.01 (approx. 2345ms) at level-4 and 3.38 ± 
0.01 (approx. 2400ms) at level-5 and mirror the remarks made about the raw median time. To 
conclude with the omnibus results of the ANOVA, we can mention that the Age*Level interaction was 
marginally significant, although the associated partial η2 was very low51. Even so, the interaction was 
further tested by conducting post-hoc Tukey HSD tests. The results are summarized in Figure A.40 
and detailed Table A.23. 
The results of the post-hoc HSD tests revealed that, at all levels of difficulty, the older adults had 
significantly poorer performances than the younger adults. However, results of the post-hoc tests did 
not provide a clearer image in regards of the pattern of behavior found at level-2 and level-3. Indeed, 
on the one hand, response times at level-2 were significantly higher than response times at level-3, 
but not significantly different from response times at level-4 and level-5, both in the younger and the 
older group. On the other hand, performance at level-3 was not only significantly better than 
performance at level-2, but it was also significantly better than performance at level-4 and at level-5. 
 
Table A.21. Median response time (in ms) by Age group an Level of difficulty in 
the Reading Span task: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Younger 
 Level-2 75 1951 2067 618 1039 5000 2.061 6.806 
 Level-3 75 1808 1879 571 929 4256 1.807 5.017 
 Level-4 75 1894 1963 516 1042 3706 1.028 1.617 
 Level-5 75 1921 2042 619 1017 4394 1.518 2.906 
Older 
 Level-2 93 2580 2839 958 1535 6914 1.906 5.109 
 Level-3 93 2468 2631 832 1426 6260 1.658 4.228 
 Level-4 93 2580 2727 828 1589 5601 1.210 1.546 
 Level-5 93 2607 2811 933 1615 6699 1.567 3.341 
Note. MD = median; M = mean; skew = Skewness; kurt = Kurtosis.  
 
Table A.22. Log-transformed response time for correct response by Age group and Level of difficulty 
in the Reading Span task: Analysis of variance 






Error F p 
partial 
η2 
Age 1 3.129 166 0.05158 60.663 0.001 0.268 
Level 3 0.052 498 0.00149 34.653 0.001 0.173 
Age * Level 3 0.004 498 0.00149 2.439 0.064 0.014 
Note: a Levene’s test of equality of error variances showed that the variances of the two groups were not significantly different at Level-2, 
F(1,166)=1.781, p=.184, at Level-3, F(1,166)=0.935, p=.335, at Level-4, F(1,166)=1.491, p=.224, and at Level-5, F(1,166)=0.704, p=.403.  
b Results are reported without sphericity correction: Mauchly’s test conducted to assess sphericity for the Level factor showed a Greenhouse-
Geisser Epsilon value of 0.904, with W=0.863, p<.001. 
 
                                                 
51 We can mention here that the pattern of results observed on the median scores was comparable regarding the main effects of 
Group F(1,166)=44.447, p<.001 (partial η2=.211) and Level of difficulty F(1,166)=22.423, p<.001 (partial η2=.119). However, 
whereas the Group*Level interaction was marginally significant for the log-transformed data, the equivalent test on the raw data 
showed clearly non significant results F(3,498)=0.054, p=0.983 (partial η2=.000). 
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Table A.23. Log-transformed response time by Age group and Level of difficulty in the Reading Span 
task; Approximate Probabilities for Post Hoc Tukey HSD Tests  
  {1} {2} {3} {4} {5} {6} {7} {8} 
  3.313 3.268 3.296 3.315 3.44 3.416 3.437 3.448 
Younger – Level-2 {1}  0.001 0.205 1.000 0.008 0.001 0.001 0.001 
Younger – Level-3 {2} 0.001  0.001 0.001 0.001 0.001 0.001 0.001 
Younger – Level-4 {3} 0.205 0.001  0.113 0.001 0.001 0.002 0.001 
Younger – Level-5 {4} 1.000 0.001 0.113  0.001 0.001 0.001 0.004 
Older – Level-2 {5} 0.008 0.001 0.001 0.001  0.001 1.000 0.807 
Older – Level-3 {6} 0.001 0.001 0.001 0.001 0.001  0.006 0.001 
Older – Level-4 {7} 0.001 0.001 0.002 0.001 1.000 0.006  0.484 
Older – Level-5 {8} 0.001 0.001 0.001 0.004 0.807 0.001 0.484  













































Means and Standard Errors










Figure A.40. Log-transformed values (and corresponding approximated response time in ms) by 
Age group and Level of difficulty for the Reading Span task (means and standard errors) 
 
 
A1.2.1.3. EFFECT OF THE CONDITION 
A1.2.1.3.1. NUMBER OF WORDS CORRECTLY RECALLED 
The mean number of words correctly recalled in dual situation was individually computed as the total 
number of words correctly recalled in the Reading Span (independantly of the serial restitution order) 
divided by the number of items administered in this condition of the task (i.e. 16 at maximum). 
Because there was no single condition assessing the word recall originally implemented in the task, 
the performance measured in Matrices Single Words was used as an index of word recall in a single 
situation. The score was computed as the total number of words correctly recalled divided by the total 
number of items (i.e. 12). The descriptive statistics for these single and dual scores are presented in 
Table A.24.  
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An ANOVA was conducted entering the Age group (Younger, Older) as a between-subjects factor and 
the Condition (Single, Dual) as within-subjects repeated measure. The results are reported in Table 
A.25. The analysis revealed a significant main effect of Age group, supporting the fact that overall, 
older adults had a significantly lower performance (3.01 ± 0.45; M ± SE) than younger adults (3.50 ± 
0.51). Additionally, the results revealed a significant main effect of Condition, supporting the fact that 
in both groups, the performance was higher in the single condition (3.90 ± 0.42) than in the dual 
condition (2.62 ± 0.35). However, whereas the older adults demonstrated an overall lower 
performance than the younger adults, the diminution of performance caused by the dual task was not 
larger for the older adults than for the younger adults. These results were somehow unexpected, given 
the theoretical assumptions according to which older adults suffer more than younger adults in dual 
task situations. However, the present results replicate the findings of de Ribaupierre and Ludwig 
(2003)52. 
 
Table A.24. Mean number of words correctly recalled by Age group and 
Condition in the Reading Span task: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Younger 
 Single 74 4.15 4.14 0.48 3.15 5.31 0.126 -0.146 
 Dual 74 2.94 2.86 0.38 1.94 3.50 -0.628 -0.334 
Older 
 Single 93 3.62 3.65 0.59 2.08 5.69 0.568 1.199 
 Dual 93 2.31 2.37 0.51 1.19 3.31 -0.169 -0.663 
Note. *Among the 75 younger adults, one did not finish the Matrices Word task; therefore the sample was 
decremented of one individual. Descriptive statistics were conducted listwise. MD = median; M = mean; skew = 
Skewness; kurt = Kurtosis. 
 
Table A.25. Mean number of words correctly recalled by Age group and Condition in the Reading 
Span task: Analysis of variance* 






Error F p 
partial 
η2 
Age 1 19.599 165 0.38305 51.165 0.001 0.237 
Condition 1 134.774 165 0.11579 1163.981 0.001 0.876 
Age * Condition 1 0.000 165 0.11579 0.001 0.980 0.000 
Note. * Results of Leven’s test of homogeneity of variance indicated that in single condition, the variances observed in the two samples were not 
significantly different F(1,165)= 1.535, p=.217, whereas the difference appeared significant in the dual condition F(1,165)= 9.191, p<.005. 
 
 
                                                 
52 These authors reported scores in younger adults sample of 2.86 ± 0.38 (mean ± sd) in the single condition and of 4.11 ± 0.49  
in the dual condition. The corresponding scores observed in the older sample were of  2.41 ± 0.50 and 3.72 ± 0.56, respectively. 
The results of the ANOVA were also comparable with significant main effects of Age, F(1, 156) = 42.45, p<.001, Condition F(1, 
156) = 1167.53, p<.001 but no significant Age * Condition interaction F(1, 156) = .15, p>.01. 
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A1.2.1.3.2. SEMANTIC JUDGMENT TIME 
The scores were initially computed for each participant as the median response time for correct 
responses in the single condition (i.e. Semantic Judgment task) and in the dual condition (i.e. Reading 
Span) and descriptive analyses were conducted on this variable. The results, reported in Table A.26 
demonstrated that the distributions of scores were clearly right-skewed and normality tests supported 
the fact that the distributions were significantly different from normal. Thus, the data were log-
transfomed at each measure point and mean log values were computed by condition for each 
individual. The results corresponding descriptive statistics are displayed in Table A.26.  
 
Table A.26. Median judgment time and log-transformed time for correct 




N MD M sd min max skew kurt 
Median time 
 Younger - Single 75 1453 1515 350 988 2635 1.300 2.085 
 Younger - Dual 75 1871 1966 539 992 4170 1.537 3.793 
 Older - Single 93 1945 2097 654 1210 5379 2.053 6.865 
 Older - Dual 93 2519 2731 848 1589 6119 1.604 3.644 
log-transformed data 
 Younger - Single 75 3.17 3.18 0.10 3.02 3.46 0.892 0.828 
 Younger - Dual 75 3.29 3.30 0.11 3.02 3.64 0.579 0.973 
 Older - Single 93 3.31 3.32 0.12 3.09 3.74 0.832 0.939 
 Older - Dual 93 3.43 3.44 0.12 3.24 3.82 0.583 0.414 
Note. MD = median; M = mean; skew = Skewness; kurt = Kurtosis. 
 
 
An ANOVA was conducted on the log-transformed response time, entering the Age group (Younger, 
Older) as a between-subjects factor and the Condition (Single, Dual) as within-subjects repeated 
measure. The results are provided in Table A.27. They revealed that overall, older adults had a 
significant poorer performance (3.38 ± 0.01; M ± SE, approx. 2500ms)  than the younger adults (3.24 
± 0.01, approx. 1735ms). Additonally, the results of the ANOVA showed that the performance in the 
Reading Span (3.37 ± 0.01, approx. 2345ms) was significantly lower than the performance in the 
Semantic Judgment task (3.25 ± 0.01, approx. 1780ms), reflecting the fact that for all participants, it 
took longer to respond to the semantic content of the sentences when concurently maintaining verbal 
informations, compared to a situation in which semantic judgment was performed alone. Finally, the 
results of the ANOVA did not support the hypothesis according to which older adults where more 
impaired than younger adults by the dual situation. Indeed, the Age*Condition interaction was not 
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significant 53. This pattern of results replicats the findings reported by by de Ribaupierre and Ludwig 
(2003) for similar analyses of the response time measured in the Reading Span task54. 
 
Table A.27. Log-transformed time for correct responses by Age group and Condition in the Reading 
Span task: Analysis of variance* 






Error F p 
partial 
η2 
Age 1 1.602 166 0.02200 72.837 0.001 0.305 
Condition 1 1.096 166 0.00323 339.116 0.001 0.671 
Age * Condition 1 0.000 166 0.00323 0.039 0.843 0.000 
Note. * Results of Leven’s test of homogeneity of variance indicated that the variances observed in the two samples were not significantly different 




A1.2.1.4. AGE EFFECT ON DUAL TASK COSTS 
Cost indices were computed as suggested by de Ribaupierre and Ludwig (2003) as a) an absolute 
difference (i.e. single - dual), b) a relative difference or percent loss (i.e. (single - dual)/single) and c) a 
residual score obtained from a regression analyses using the performance in the single task as 
predictor and the performance in the dual task as independent variable. Age effect on all these scores, 
as well as on the raw performance in dual situation, was assessed using a regressional approach. 
Hence, Age was entered in the analysis as predictor and the scores as dependent variable. The 
results of these analyses are summarized in Table A.28.  
                                                 
53 The same analysis design was applied to the median response time. Results of the ANOVA were comparable to those 
obtained on log-transformed data regarding the main effect of Age F(1,166) = 53.360, p<.001 (partial η2=.243) and the the main 
effect of Condition F(1,166) = 213.514, p<.001 (partial η2=.563). However, results revealed a significant Age*Condition 
interaction, F(1,166) = 6.089, p=.015 (partial η2=.035). However, provided that the median time variable did not fulfill both the 
normality and the homogeneity of variances assumptions, we considered the analysis conducted on log-value more robust and 
reliable.  
54 These authors reported scores in younger adults sample of 1596 ± 399.3 ms (mean time ± sd) in the single condition and of 
2162.1 ± 620.2 ms in the dual condition. The corresponding scores observed in the older sample were of  2231.7 ± 694.5 ms 
and 2923.4 ± 77.0 ms, respectively. The results of the ANOVA were also comparable with significant main effects of Group, F(1, 
161) = 58.54, p<.001, Condition F(1, 161) = 215.19, p<.001 and a non significant Group * Condition interaction F(1,161) = 2.16, 
p>.01. We can mention here that the scores used in the study were individual mean responses time for correct responses and 
corrected at ± 2sd from the original individual mean. 
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Table A.28. Summary of regression analyses with Age as predictor and the four 
different scores of dual task performance as dependant variable 
    Standardized   
Dependant Variables R R2 Std error of estimate β t Sig. 
Words - Dual 0.499 0.249 0.446 -0.499 -7.417 0.001 
Words - Diff 0.003 0.000 0.481 0.003 0.044 0.965 
Words - RD 0.211 0.045 0.109 0.211 2.775 0.006 
Words - res 0.292 0.085 0.957 -0.292 -3.916 0.001 
    
Time - Dual 0.498 0.248 711.953 0.498 7.406 0.001 
Time - Diff 0.152 0.023 481.344 0.152 1.986 0.049 
Time - RD 0.006 0.000 0.268 -0.006 -0.073 0.942 
Time - res 0.097 0.009 0.995 0.097 1.258 0.210 
    
Composite - Dual 0.588 0.345 1.377 -0.588 -9.357 0.001 
Composite - Diff 0.018 0.000 0.974 0.018 0.231 0.818 
Composite - DR 0.073 0.005 20.155 -0.073 -0.939 0.349 
Composite - res 0.207 0.043 0.978 -0.207 -2.722 0.007 
Note. Dual = Raw score in dual performance; Diff = Absolute difference (S-D); RD = Relative difference (S-D)/S; 
res = standardized residual from the regression computed with raw single performance as predictor and raw dual 
performance as dependant variable. Composite: composite score computed as the individual average of z-scores 
















A1.2.2. UNIVARIATE ANALYSES OF THE MATRICES 
A1.2.2.1. EFFECT OF THE CONDITION 
A1.2.2.1.1. PROPORTION OF ELEMENTS CORRECTLY RECALLED 
Because the levels of difficulty differed across the Matrices Words (level-3 to level-7) and Matrices 
Positions and Matrice Double Verbal (level-2 to level-6), a proportional score was computed for each 
individual by dividing the number of elements correctly recalled by the maximum possible score by 
type of stimulus (words, locations) and condition (single, dual). The descriptive statistics are provided 
in Table A.30. For informative purpose, the descriptive statistics for the raw number of elements 
correctly recalled are provided in Table A.29.  
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Table A.29. Raw number of elements correctly recalled in the Matrices task, by 
Age group, Type of stimulus and Condition: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Younger 
 Words - Single 74 52.00 51.81 6.23 39.00 67.00 0.126 -0.146 
 Words - Dual 74 38.00 39.22 5.74 30.00 56.00 0.556 0.154 
 Positions - Single 74 39.50 40.42 10.24 23.00 62.00 0.484 -0.408 
 Positions - Dual 74 36.00 35.93 7.23 20.00 59.00 0.492 1.041 
Older 
 Words - Single 93 45.00 45.48 7.61 25.00 72.00 0.568 1.199 
 Words - Dual 93 33.00 33.32 5.96 21.00 52.00 0.458 0.288 
 Positions - Single 93 34.00 33.67 8.63 12.00 55.00 -0.184 -0.193 
 Positions - Dual 93 32.00 31.59 8.10 13.00 53.00 0.270 0.125 
Note. * Due to missing data of oneyounger participant in Matrice Words, N=74 instead of N=75. The descriptive 
statistics were conducted listwise. MD = median; M = mean; skew = Skewness; kurt = Kurtosis. 
 
 
Table A.30. Proportion of elements correctly recalled in the Matrices task, by 
Age group, Type of stimulus and Condition: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Younger 
 Words - Single 74 0.70 0.70 0.08 0.53 0.91 0.126 -0.146 
 Words - Dual 74 0.61 0.63 0.09 0.48 0.90 0.556 0.154 
 Positions - Single 74 0.64 0.65 0.17 0.37 1.00 0.484 -0.408 
 Positions - Dual 74 0.58 0.58 0.12 0.32 0.95 0.492 1.041 
Older 
 Words - Single 93 0.61 0.61 0.10 0.34 0.97 0.568 1.199 
 Words - Dual 93 0.53 0.54 0.10 0.34 0.84 0.458 0.288 
 Positions - Single 93 0.55 0.54 0.14 0.19 0.89 -0.184 -0.193 
 Positions - Dual 93 0.52 0.51 0.13 0.21 0.85 0.270 0.125 
Note. * Due to missing data of one younger participant in Matrice Words, N=74 instead of N=75. The descriptive 
statistics were conducted listwise. The maximum possible in the Matrice Words task was 74. The maximum 
possible in the Matrice Positions and Matrices Double Verbal tasks was 62. MD = median; M = mean; skew = 
Skewness; kurt = Kurtosis. 
 
In a study using the same task, de Ribaupierre and Ludwig (2003) suggested to use a corrected mean 
number of elements recalled to assess the performance the Matrices tasks55. Thus, for comparison 
purposes, the scores reported by de Ribaupierre and Ludwig (2003) and the scores computed on the 
data acquired in the present study are displayed in Table A.31. The entries in this table suggest that 
eventhough the mean performance was a more adequate index of performance than the raw number 
of words correctly recalled, this score did not fully correct for the difference between tasks in the range 
of levels of difficulty.  
                                                 
55 In the de Ribaupierre and Ludwig (2003) study, the mean number of words correctly recalled was adjusted by “giving” a level-
2 item to all subjects. As a consequence, the mean number of words recalled in Single condition was computed as (2+(total 
number of correct))/13. In all other case, the mean number of correct was computed as the (total number of corrects)/12. 
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As a consequence, the inferential statistics conducted for the the number of elements correctly 
recalled were performed using the proportional scores. These analyses were conducted by ANOVA 
entering the Age group (Younger, Older) as a between-subjects factor and Condition  (Single, Dual) 
and Type of stimuli (Words, Positions) as within-subjects repeated measure. The results are provided 
Table A.32. 
 
Table A.31. Mean number of elements correctly recalled in the 
Matrices task, by Age group, Type of stimulus and Condition: 
Descriptive statistics for the present study and the de Ribaupierre 
and Ludwig (2003) study* 
  Present study de Ribaupierre et al. 2003 
  N M Sd N M sd 
Younger       
 Words - Single 74 4.14 0.48 77 4.11 0.49 
 Words - Dual 74 3.27 0.48 77 3.26 0.47 
 Positions - Single 74 3.37 0.85 77 3.36 0.85 
 Positions - Dual 74 2.99 0.60 77 3.00 0.59 
Older       
 Words - Single 93 3.65 0.59 85 3.72 0.56 
 Words - Dual 93 2.78 0.49 85 2.79 0.56 
 Positions - Single 93 2.81 0.72 85 2.80 0.74 
 Positions - Dual 93 2.63 0.68 85 2.65 0.74 
Note. * The discrepancy between the size of the two study samples comes from the fact that, , 
for the present experiment, the population of older adults was increased. Furthermore, different 
selection criteria were used in each studies to select the samples retained for analysis (4 out of 
5 dual tasks completed in the de Ribaupierre & Ludwig experiment, and comptetion of both the 
Reading Span and the Matrices in the present case) 
 
 
As shown in Table A.32, the results of the analysis of variance revealed a significant main effect of 
Age group, supporting the fact that, overall, younger adults have a better performance (0.641 ± 0.01, 
M ± SE) than older adults (0.551 ± 0.01). Additionally, the results revealed a significant main effect of 
Condition, reflecting that, in both groups, the proportion of elements correctly recalled was significantly 
higher in Single condition (0.627 ± 0.01) compared to the Dual condition (0.565 ± 0.01). The results of 
the ANOVA also indicated that that there was a significant main effect of the Type of stimulus, the 
words being better recalled (0.621 ± 0.01) than the positions (0.571 ± 0.01). The Age*Condition 
interaction was not significant, indicating that, for words and positions considered together, the older 
adults did not suffer more than the younger adults from the dual condition. Younger and older adults 
were also comparable regarding the performance for the two types of stimuli, as denoted by the non 
significant Age*Type interaction. The results of the ANOVA also revealed that the Type of stimulus did 
not cause differential performance across conditions, as supported by the non significant 
Condition*Type interaction. Finally, the results showed a significant Age*Condition*Type interaction, 
although this effect accounted for a small amount of variance (partial η2 = 0.028).  
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Table A.32. Proportion of elements correctly recalled in the Matrices task, by Age group, Type of 
stimulus and Condition: Analysis of variance * 






Error F p 
partial 
η2 
Age 1 1.331 165 0.03408 39.065 0.001 0.191 
Condition 1 0.647 165 0.00669 96.680 0.001 0.369 
Type 1 0.415 165 0.01051 39.512 0.001 0.193 
Age * Condition 1 0.009 165 0.00669 1.324 0.252 0.008 
Age * Type 1 0.000 165 0.01051 0.003 0.959 0.000 
Condition * Type 1 0.016 165 0.00511 3.062 0.082 0.018 
Age * Condition * Type 1 0.024 165 0.00511 4.731 0.031 0.028 
Note. * Results of Leven’s test of homogeneity of variance indicated that in all conditions, the variances observed in the two samples were not 
significantly different with F(1,165) = 1.535, p=.217 for Words Single, F(1,165) = 1.723, p=.191 for Positions Single, F(1,165) = 0.089, p=.766 for 
Words Dual and F(1,165) = 1.367, p=.244 for Positions Dual. 
 
 
The Age*Condition*Type interaction was tested by means of planned comparisons. The first 
comparisons were conducted to assess specifically the Group*Condition interaction separately for 
words and for positions. The results, reported in Table A.33, revealed that the interaction was not 
significant both for the words, and for the positions. Thus, contrary to the hypothesis, the older adults 
did not show a specific decrease in performance in dual task relative to the single task. It can also be 
mentionned that although not significant when corrected for multiple comparisons, the p-value 
associated with Age*Condition interaction for positions was comparable to that reported by de 
Ribaupierre and Ludwig (2003). Furthermore, this marginally significant interaction was also explained 
by a larger drop in position recall from single to dual condition in the younger group, relatively to the 
older group.  
 
Table A.33. Proportion of elements correctly recalled in the Matrices task: Post-hoc 
planned comparisons assessing the Age*Condition interaction by Type of stimulus  
  SS df MS F p 
Words Effect 0.002 1 0.002 0.427 0.51437 (NS) 
 Error 0.728 165 0.004   
Positions Effect 0.031 1 0.031 4.213 0.04169 (NS) 
 Error 1.220 165 0.007   
Note. * Bonferroni corrected thresholds are provided in parentheses : For 4 planned comaprisons, α thresholds 
are α=0.0125 for p<.01 and α=0.025 p<.05 
 
Table A.34. Proportion of elements correctly recalled in the Matrices task: Post-hoc 
planned comparisons assessing the Condition*Type  interaction byAage group  
  SS df MS F p 
Younger Effect 0.000 1 0.000 0.081 0.77606 (NS) 
 Error 0.843 165 0.005   
Older Effect 0.044 1 0.044 8.691 0.00366 (.01) 
 Error 0.843 165 0.005   
Note. * Bonferroni corrected thresholds are provided in parentheses : For 4 planned comparisons, α thresholds 
are α=0.0125 for p<.01 and α=0.025 p<.02 
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A second series of planned comparisons was conducted to assess the Condition*Type interaction by 
age group. The results are reported in Table A.34. Results revealed that for younger, the 
Condition*Type interaction did not reach significance. In the older group, however, this interaction was 
significant. It revealed that in this group, the decrease in performance associated with the dual task 
was larger for words than for positions. In the younger group, to the contrary, the performance 
decrement was similar for words and for positions. 
 
A1.2.2.1.2. PROPORTION OF INTRUSIONS 
The analysis of accuracy was conducted on the proportion of errors. Errors were initially computed as 
the number of elements correctly recalled by condition and type of stimulus, substracted from the 
corresponding total number of elements recalled. Thus, this score did not exactly reflect the number of 
errors, but only the number intrusions (i.e. elements recalled but not previously presented). Omissions 
(i.e. elements initially presented but not recalled) were thus not taken into account. For sake of clarity 
we will therefore refer to errors as intrusions and not simply qualify them as errors. Furthermore, 
analyses were conducted on a proportional score computed, for each individual, as the number of 
intrusions divided by the total number of elements recalled, by condition and type of stimulus.  
 
Table A.35. Raw number and proportion of intrusions in the 
Matrices task, by Age group, Type of stimulus and Condition: 
Descriptive statistics 
  Raw number Proportion 
  N M Sd N M sd 
Younger       
 Words - Single 74 2.93 1.85 74 0.040 0.025 
 Words - Dual 74 1.50 1.60 74 0.024 0.026 
 Positions - Single 74 6.43 2.80 74 0.104 0.045 
 Positions - Dual 74 5.53 2.41 74 0.089 0.039 
Older       
 Words - Single 93 2.46 1.72 93 0.033 0.023 
 Words - Dual 93 2.14 1.67 93 0.035 0.027 
 Positions - Single 93 7.60 2.37 93 0.123 0.038 
 Positions - Dual 93 5.91 2.60 93 0.095 0.042 
Note. Due to missing data of one younger participant in Matrice Words, the descriptive statistics 
were conducted listwise. Consequently N=74 instead of N=75. 
 
 
The descriptive statistics for this score are provided in Table A.35, in addition to the raw number of 
intrusions provided for information purpose. As shown by the entries in Table A.35, the raw number of 
intrusions was quite low in all groups and all conditions. It was even more striking when looking at the 
proportion or intrusions relative to the total number of elements recalled. Indeed, higher mean 
proportion of intrusions reached only 0.12 for  positions, in single condition, in the older group. Another 
element than can be noticed from the data presented in Table A.35, is the discrepancy between the 
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the number of errors for the two types of stimuli. Indeed, the errors appeared more frequent for 
positions than for words. Nonetheless, because the so little intrusions were reported, no further 
infertential statistics were conducted for this variable. 
 
 
A1.2.2.2. NUMBER OF CORRECT WORD/POSITION ASSOCIATIONS 
As a reminder, the dual condition of the Matrices tasks consisted in presenting words in different 
locations of a 5x5 grid. The participants were instructed to recall both the words and the locations in 
which the words were presented. Thus, additionnaly from the number of positions and the number of 
words recalled in Matrice Double Verbal, the number of correct word/position associations were 
recorded. For each individual, a mean number of correct word/associations was computed by dividing 
the total number of correct associations by the number of items presented (i.e. 12). The descriptive 
statistics, by group, for this score are displayed in Table A.36.  
 
Table A.36. Mean number of word/position associations, of words and of positions, by Age group, in 
the Double Verbal Matrices task: Descriptive statistics 
  95% C.I. 
  
N MD M sErr M 
lower upper 
sd min max skew kurt 
Associations            
 Younger 75 2.75 2.74 0.06 2.62 2.86 0.52 1.67 4.33 0.634 1.170 
 Older 93 2.33 2.33 0.06 2.62 2.86 0.58 1.08 4.00 0.274 0.338 
Words only*            
 Younger 75 3.17 3.26 0.06 3.15 3.37 0.48 2.50 4.67 0.557 0.131 
 Older 93 2.75 2.78 0.05 2.68 2.88 0.49 1.75 4.33 0.473 0.299 
Positions only*            
 Younger 75 3.00 2.99 0.07 2.85 3.13 0.60 1.67 4.92 0.515 1.086 
 Older 93 2.67 2.63 0.07 2.49 2.77 0.68 1.08 4.42 0.270 0.131 
Note. * The mean number of words alone and position alone was compputed as the total number of elements correctly recalled divided by the total 
number of items (i.e. 12) 
 
 
From the entries displayed in Table A.36, we can notice that, relative to words on the one and, and to 
postions on the other hand, the younger and the older adults recalled fewer correct associations. This 
pattern of results, suggested, at least regarding associations, that this score was more restricting than 
the mean number of correct words or positions. Additionally, the results of the descriptive statistics 
indicated that the younger adults scored better on the mean number of correct associations than did 
the older adults. Inferiential statistics were conducted by means of an independent samples t-test to 
assess for the age-related differences. The results, provided in Table A.37, indicate that, as expected, 
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Table A.37. Mean number of word/position associations in the Matrices Double Verbal task: Levene's 
Test for Equality of Variances and independent sample t-test 
 Levene's Test   t-test for Equality of Means 
         95% CI of Diff 
 F Sig. t df Sig. Mean Diff. 
Std. Error 
Diff.  Lower Upper 
Equal variances 
assumed 1.312 0.254 4.690 166.0 0.001 0.403 0.086  0.233 0.573 
 
 
A1.2.2.3. AGE EFFECTS ON DUAL TASK COSTS 
As for the Reading Span task, several dual task cost indices were computed to assess the age effects 
on the dual performance in the Matrices task. These cost indices were computed using the proportion 
of elements correctly recalled and were as follows: a) an absolut difference (i.e. single - dual), b) a 
relative difference or percent loss (i.e. (single - dual)/single) and c) a residual score obtained from a 
regression analyses using the performance in the single task as predictor and the performance in the 
dual task as independent variable. The Age effect on all these scores, as well as on the raw 
performance in dual situation, was assessed using a regressional approach. Age was used as 
predictor and the scores as dependent variable.  
 
Table A.38. Summary of regression analyses with Age as predictor and the four 
different scores of dual task performance as dependant variable 
    Standardized   
Dependant Variables R R2 Std error of estimate β t Sig. 
Words - Dual 0.447 0.200 0.095 -0.447 -6.427 0.001 
Words - Diff 0.028 0.001 0.094 0.028 0.356 0.722 
Words - RD 0.061 0.004 0.136 0.061 0.789 0.432 
Words - res 0.238 0.056 0.971 -0.238 -3.142 0.002 
    
Positions - Dual 0.284 0.080 0.124 -0.284 -3.798 0.001 
Positions - Diff 0.151 0.023 0.121 -0.151 -1.962 0.051 
Positions - DR 0.082 0.007 0.200 -0.082 -1.065 0.289 
Positions - res 0.075 0.006 0.997 -0.075 -0.969 0.334 
    
Composite - Dual 0.381 0.145 1.781 -0.381 -5.289 0.001 
Composite - Diff 0.032 0.001 1.357 -0.032 -0.406 0.685 
Composite - RD 0.086 0.007 267.705* 0.086 1.112 0.268 
Composite - res 0.050 0.003 0.999 -0.050 -0.643 0.521 
Note. Dual = Raw score in dual performance; Diff = Absolute difference (S-D); RD = Relative difference (S-D)/S; 
res = standardized residual from the regression computed with raw single performance as predictor and raw dual 
performance as dependant variable. Composite: composite score computed as the individual average of z-scores 
for words and positions, respectively. * this extremely large value is explained by the fact that, when the 
denominator score (i.e. the performance in Single condition) tends towards a zero value, the relative difference 
score tends to ∞. Because the values used to compute the composite scores were z-scores, there is a quite high 
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The results of these analyses are summarized in Table A.38. Results show that Age accounted for a 
significant amount of variance (20% for words and 8% for positons) when the raw performance was 
considered, for words, positions and for the composite score. However, the percent of variance 
explained by Age in the cognitive cost scores was extremly small. Indeed, the part of variance 
explained by Age on the different scores was non significant in all cases but one (residuals for words). 
These results replicate the findings reported by de Ribaupierre and Ludwig (2003) for similar analysis 
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Table A.39. Mean number of words correctly recalled by Age group in Reading Span task: Table of 
frequencies for the data collected on 789 individuals across 3 studies  
 Younger (N=424) 1  Older (N=365) 2  All (N=789) 
  Frequency Percent Cumulative  Frequency Percent Cumulative  Frequency Percent Cumulative 
… 0 0.00 0.00  0 0.00 0.00  0 0.00 0.00 
1.00 0 0.00 0.00  0 0.00 0.00  0 0.00 0.00 
1.06 0 0.00 0.00  0 0.00 0.00  0 0.00 0.00 
1.13 0 0.00 0.00  0 0.00 0.00  0 0.00 0.00 
1.19 0 0.00 0.00  3 0.82 0.82  3 0.38 0.38 
1.25 0 0.00 0.00  1 0.27 1.10  1 0.13 0.51 
1.31 0 0.00 0.00  0 0.00 0.00  0 0.00 0.00 
1.38 0 0.00 0.00  4 1.10 2.19  4 0.51 1.01 
1.44 0 0.00 0.00  0 0.00 0.00  0 0.00 0.00 
1.50 0 0.00 0.00  4 1.10 3.29  4 0.51 1.52 
1.56 0 0.00 0.00  1 0.27 3.56  1 0.13 1.65 
1.63 1 0.24 0.24  2 0.55 4.11  3 0.38 2.03 
1.69 1 0.24 0.47  6 1.64 5.75  7 0.89 2.92 
1.75 0 0.00 0.00  2 0.55 6.30  2 0.25 3.17 
1.81 1 0.24 0.71  6 1.64 7.95  7 0.89 4.06 
1.88 0 0.00 0.00  8 2.19 10.14  8 1.01 5.07 
1.94 4 0.94 1.65  10 2.74 12.88  14 1.77 6.84 
2.00 2 0.47 2.12  21 5.75 18.63  23 2.92 9.76 
2.06 4 0.94 3.07  12 3.29 21.92  16 2.03 11.79 
2.13 8 1.89 4.95  12 3.29 25.21  20 2.53 14.32 
2.19 3 0.71 5.66  13 3.56 28.77  16 2.03 16.35 
2.25 8 1.89 7.55  19 5.21 33.97  27 3.42 19.77 
2.31 10 2.36 9.91  22 6.03 40.00  32 4.06 23.83 
2.38 6 1.42 11.32  10 2.74 42.74  16 2.03 25.86 
2.44 10 2.36 13.68  9 2.47 45.21  19 2.41 28.26 
2.50 11 2.59 16.27  17 4.66 49.86  28 3.55 31.81 
2.56 8 1.89 18.16  20 5.48 55.34  28 3.55 35.36 
2.63 5 1.18 19.34  21 5.75 61.10  26 3.30 38.66 
2.69 16 3.77 23.11  14 3.84 64.93  30 3.80 42.46 
2.75 14 3.30 26.42  13 3.56 68.49  27 3.42 45.88 
2.81 14 3.30 29.72  15 4.11 72.60  29 3.68 49.56 
2.88 13 3.07 32.78  16 4.38 76.99  29 3.68 53.23 
2.94 31 7.31 40.09  19 5.21 82.19  50 6.34 59.57 
3.00 28 6.60 46.70  10 2.74 84.93  38 4.82 64.39 
3.06 32 7.55 54.25  12 3.29 88.22  44 5.58 69.96 
3.13 27 6.37 60.61  13 3.56 91.78  40 5.07 75.03 
3.19 31 7.31 67.92  13 3.56 95.34  44 5.58 80.61 
3.25 38 8.96 76.89  8 2.19 97.53  46 5.83 86.44 
3.31 39 9.20 86.08  3 0.82 98.36  42 5.32 91.76 
3.38 26 6.13 92.22  3 0.82 99.18  29 3.68 95.44 
3.44 25 5.90 98.11  1 0.27 99.45  26 3.30 98.73 
3.50 8 1.89 100.00  2 0.55 100.00  10 1.27 100.00 
Total 424 100   365 100   789 100  
Note. 1 Younger adults (347 Females,77 Males), Mean Age and range: 22.77 ± 3.29 (18-35); Cut-off scores for centiles 25, 50 and 75 (quartile split): 
2.75, 3.06, 3.25; Cut-off scores for centiles 33 and 66 (tertile split): 2.94, 3.19;  2 Older (265 Females,100 Males), Mean Age and range: 70.26 ± 6.39 
(56-95). Cut-off scores for centiles 25, 50 and 75 (quartile split): 2.13, 2.56, 2.88. Cutt of scores for centiles 33 and 66 (tertile split): 2.25, 2.75. 
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Table A.40. High Span participants selected according to the three different 
ranking methods applied  
 Method A Method B Method C 
ID RS (z) MAT (z) WM RS (z) MAT (z) WM RS (z) MAT (z) WM 
Younger - High 
5003 1.53 0.96 1.24 1.53 0.96 1.24 1.53 0.96 1.24 
5007 0.79 1.68 1.24 0.79 1.68 1.24 0.79 1.68 1.24 
5010 0.43 0.96 0.70       
5013 0.79 0.69 0.74 0.79 0.69 0.74 0.79 0.69 0.74 
5014 1.40 2.53 1.97 1.40 2.53 1.97 1.40 2.53 1.97 
5017 0.92 2.95 1.94 0.92 2.95 1.94 0.92 2.95 1.94 
5018 0.92 0.69 0.80 0.92 0.69 0.80 0.92 0.69 0.80 
5019 0.55 1.12 0.83 0.55 1.12 0.83 0.55 1.12 0.83 
5025 0.79 1.25 1.02 0.79 1.25 1.02 0.79 1.25 1.02 
5026    0.79 0.54 0.67    
5027 1.77 1.68 1.72 1.77 1.68 1.72 1.77 1.68 1.72 
5031 1.40 1.12 1.26 1.40 1.12 1.26 1.40 1.12 1.26 
5039 1.53 1.39 1.46 1.53 1.39 1.46 1.53 1.39 1.46 
5043 1.16 0.54 0.85 1.16 0.54 0.85 1.16 0.54 0.85 
5048 1.40 0.83 1.12 1.40 0.83 1.12 1.40 0.83 1.12 
5051 0.67 0.69 0.68 0.67 0.69 0.68 0.67 0.69 0.68 
5055 1.65 1.25 1.45 1.65 1.25 1.45 1.65 1.25 1.45 
5057 1.04 3.09 2.06 1.04 3.09 2.06 1.04 3.09 2.06 
5058 1.40 1.68 1.54 1.40 1.68 1.54 1.40 1.68 1.54 
5206 1.28 0.54 0.91 1.28 0.54 0.91 1.28 0.54 0.91 
5215    0.79 0.54 0.67    
5219 0.67 0.69 0.68 0.67 0.69 0.68 0.67 0.69 0.68 
5220 0.67 1.68 1.18 0.67 1.68 1.18 0.67 1.68 1.18 
5222 1.16 0.96 1.06 1.16 0.96 1.06 1.16 0.96 1.06 
5226 1.28 0.40 0.84 1.28 0.40 0.84 1.28 0.40 0.84 
9002    0.79 0.54 0.67    
9004 0.92 0.54 0.73 0.92 0.54 0.73 0.92 0.54 0.73 
9005 1.16 1.25 1.21 1.16 1.25 1.21 1.16 1.25 1.21 
Older - High 
6215 0.06 0.27 0.16 0.06 0.27 0.16 0.06 0.27 0.16 
6218 1.16 -1.44 -0.14 1.16 -1.44 -0.14    
6220 0.19 -0.45 -0.13       
6227 0.19 0.40 0.29 0.19 0.40 0.29 0.19 0.40 0.29 
6234 1.04 -0.02 0.51 1.04 -0.02 0.51 1.04 -0.02 0.51 
6240 1.16 0.11 0.64 1.16 0.11 0.64 1.16 0.11 0.64 
8004 0.67 -0.31 0.18 0.67 -0.31 0.18 0.67 -0.31 0.18 
8009 0.92 0.54 0.73 0.92 0.54 0.73 0.92 0.54 0.73 
8017 0.55 0.11 0.33 0.55 0.11 0.33 0.55 0.11 0.33 
8018 0.55 -0.31 0.12 0.55 -0.31 0.12 0.55 -0.31 0.12 
8025 0.55 -0.45 0.05 0.55 -0.45 0.05 0.55 -0.45 0.05 
8026 0.67 0.27 0.47 0.67 0.27 0.47 0.67 0.27 0.47 
8030 -0.06 -0.16 -0.11    -0.06 -0.16 -0.11 
8031 0.67 -0.88 -0.10       
8032 -0.54 1.12 0.29 -0.54 1.12 0.29 -0.54 1.12 0.29 
8034 0.19 2.10 1.14 0.19 2.10 1.14 0.19 2.10 1.14 
8040 0.67 -0.16 0.26 0.67 -0.16 0.26 0.67 -0.16 0.26 
8042    -0.79 0.40 -0.19 -0.79 0.40 -0.19 
8043 1.16 2.53 1.84 1.16 2.53 1.84 1.16 2.53 1.84 
8047 -0.67 0.96 0.15 -0.67 0.96 0.15 -0.67 0.96 0.15 
8049 0.19 0.69 0.44 0.19 0.69 0.44 0.19 0.69 0.44 
8052 0.06 0.40 0.23 0.06 0.40 0.23 0.06 0.40 0.23 
8053 1.16 0.54 0.85 1.16 0.54 0.85 1.16 0.54 0.85 
8059 -0.79 0.69 -0.05 -0.79 0.69 -0.05 -0.79 0.69 -0.05 
8061 1.40 1.68 1.54 1.40 1.68 1.54 1.40 1.68 1.54 
8062 0.92 -0.16 0.38 0.92 -0.16 0.38 0.92 -0.16 0.38 
8063 -0.42 0.83 0.20 -0.42 0.83 0.20 -0.42 0.83 0.20 
8065    -0.54 0.11 -0.22 -0.54 0.11 -0.22 
8067 0.92 2.10 1.51 0.92 2.10 1.51 0.92 2.10 1.51 
8068 0.79 1.12 0.96 0.79 1.12 0.96 0.79 1.12 0.96 
8073 1.16 1.12 1.14 1.16 1.12 1.14 1.16 1.12 1.14 
8076 -0.06 1.25 0.60 -0.06 1.25 0.60 -0.06 1.25 0.60 
8082 0.92 1.39 1.15 0.92 1.39 1.15 0.92 1.39 1.15 
8087    -0.67 0.27 -0.20 -0.67 0.27 -0.20 
Note: Method A: population-based ranking on the working memory score; Method B: population-based ranking on each of the two working 
memory variables, further averaged to provide a mean rank by individual; Method C: averaged ranking, based on ranks computed for the two age 
groups separately: ID: Participants code; RS(z) standardized performance for Reading Span; MAT(z) standardized performance for Reading 
Span; WM-score: Composite working memory score 
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Table A.41. Low Span participants selected according to the three different 
ranking methods applied  
 Method A Method B Method C 
ID RS (z) MAT (z) WM RS (z) MAT (z) WM RS (z) MAT (z) WM 
Younger - Low 
5001 0.31 -1.30 -0.50 0.31 -1.30 -0.50 0.31 -1.30 -0.50 
5005 0.55 -0.31 0.12 0.55 -0.31 0.12 0.55 -0.31 0.12 
5009 -0.79 0.11 -0.34 -0.79 0.11 -0.34 -0.79 0.11 -0.34 
5012 -1.03 -0.74 -0.88 -1.03 -0.74 -0.88 -1.03 -0.74 -0.88 
5020 0.79 -0.59 0.10 0.79 -0.59 0.10 0.79 -0.59 0.10 
5021 -0.30 -0.02 -0.16 -0.30 -0.02 -0.16 -0.30 -0.02 -0.16 
5022 -0.30 -0.16 -0.23 -0.30 -0.16 -0.23 -0.30 -0.16 -0.23 
5028 0.31 -0.59 -0.14 0.31 -0.59 -0.14 0.31 -0.59 -0.14 
5029 -0.42 -1.44 -0.93 -0.42 -1.44 -0.93 -0.42 -1.44 -0.93 
5032 -0.67 -0.45 -0.56 -0.67 -0.45 -0.56 -0.67 -0.45 -0.56 
5035 -0.54 0.11 -0.22 -0.54 0.11 -0.22 -0.54 0.11 -0.22 
5037 -1.27 0.54 -0.37 -1.27 0.54 -0.37 -1.27 0.54 -0.37 
5045 -0.42 -0.31 -0.37 -0.42 -0.31 -0.37 -0.42 -0.31 -0.37 
5049       0.31 -0.02 0.14 
5052 0.31 -1.16 -0.43 0.31 -1.16 -0.43 0.31 -1.16 -0.43 
5201 0.79 -0.59 0.10 0.79 -0.59 0.10 0.79 -0.59 0.10 
5202 0.55 -0.31 0.12 0.55 -0.31 0.12 0.55 -0.31 0.12 
5205 -0.54 -0.02 -0.28 -0.54 -0.02 -0.28 -0.54 -0.02 -0.28 
5210 -1.15 0.54 -0.31 -1.15 0.54 -0.31 -1.15 0.54 -0.31 
5212 -0.06 -0.16 -0.11 -0.06 -0.16 -0.11 -0.06 -0.16 -0.11 
5214 1.04 -0.88 0.08 1.04 -0.88 0.08    
5217 -0.18 -0.88 -0.53 -0.18 -0.88 -0.53 -0.18 -0.88 -0.53 
5223 0.79 -0.88 -0.04 0.79 -0.88 -0.04 0.79 -0.88 -0.04 
5224 -0.91 -0.31 -0.61 -0.91 -0.31 -0.61 -0.91 -0.31 -0.61 
5230 -0.42 -0.31 -0.37 -0.42 -0.31 -0.37 -0.42 -0.31 -0.37 
9003 0.06 -0.02 0.02 0.06 -0.02 0.02 0.06 -0.02 0.02 
          
Older - Low 
6201 -1.40 -1.01 -1.20 -1.40 -1.01 -1.20 -1.40 -1.01 -1.20 
6202 0.31 -1.86 -0.78       
6203 -0.79 -2.15 -1.47 -0.79 -2.15 -1.47 -0.79 -2.15 -1.47 
6205 -1.03 -0.74 -0.88 -1.03 -0.74 -0.88 -1.03 -0.74 -0.88 
6206 -2.74 -2.44 -2.59 -2.74 -2.44 -2.59 -2.74 -2.44 -2.59 
6207 -0.06 -1.86 -0.96 -0.06 -1.86 -0.96 -0.06 -1.86 -0.96 
6210 -0.67 -2.02 -1.34 -0.67 -2.02 -1.34 -0.67 -2.02 -1.34 
6214 -0.54 -1.44 -0.99 -0.54 -1.44 -0.99 -0.54 -1.44 -0.99 
6216    -0.18 -1.16 -0.67 -0.18 -1.16 -0.67 
6223 -2.37 -1.16 -1.77 -2.37 -1.16 -1.77 -2.37 -1.16 -1.77 
6225 -2.13 -0.59 -1.36 -2.13 -0.59 -1.36 -2.13 -0.59 -1.36 
6228    -0.30 -1.01 -0.66    
8001 -0.79 -1.33 -1.06 -0.79 -1.33 -1.06 -0.79 -1.33 -1.06 
8005 -0.54 -1.44 -0.99 -0.54 -1.44 -0.99 -0.54 -1.44 -0.99 
8008 -1.27 -2.15 -1.71 -1.27 -2.15 -1.71 -1.27 -2.15 -1.71 
8010    -0.91 -0.45 -0.68    
8014 -1.88 -0.45 -1.17 -1.88 -0.45 -1.17 -1.88 -0.45 -1.17 
8016 -1.15 -0.31 -0.73 -1.15 -0.31 -0.73 -1.15 -0.31 -0.73 
8019 -0.54 -1.16 -0.85 -0.54 -1.16 -0.85 -0.54 -1.16 -0.85 
8020 -1.15 -0.31 -0.73 -1.15 -0.31 -0.73 -1.15 -0.31 -0.73 
8028 -1.76 -0.16 -0.96 -1.76 -0.16 -0.96 -1.76 -0.16 -0.96 
8029 -1.88 -0.02 -0.95    -1.88 -0.02 -0.95 
8037 -1.03 -0.74 -0.88 -1.03 -0.74 -0.88 -1.03 -0.74 -0.88 
8044 -1.15 -0.45 -0.80 -1.15 -0.45 -0.80 -1.15 -0.45 -0.80 
8054 -1.52 -0.02 -0.77       
8055 -2.13 -1.01 -1.57 -2.13 -1.01 -1.57 -2.13 -1.01 -1.57 
8064 -1.27 -0.88 -1.07 -1.27 -0.88 -1.07 -1.27 -0.88 -1.07 
8074 -1.40 -0.45 -0.92 -1.40 -0.45 -0.92 -1.40 -0.45 -0.92 
8075 -1.03 -0.45 -0.74 -1.03 -0.45 -0.74 -1.03 -0.45 -0.74 
8092 -1.64 -0.59 -1.11 -1.64 -0.59 -1.11 -1.64 -0.59 -1.11 
8093 -2.37 -1.44 -1.90 -2.37 -1.44 -1.90 -2.37 -1.44 -1.90 
8095 -2.61 -1.73 -2.17 -2.61 -1.73 -2.17 -2.61 -1.73 -2.17 
8097 -0.18 -2.15 -1.17 -0.18 -2.15 -1.17 -0.18 -2.15 -1.17 
8099 -0.79 -0.74 -0.76 -0.79 -0.74 -0.76 -0.79 -0.74 -0.76 
Note: Method A: population-based ranking on the working memory score; Method B: population-based ranking on each of the two working 
memory variables, further averaged to provide a mean rank by individual; Method C: averaged ranking, based on ranks computed for the two age 
groups separately: ID: Participants code; RS(z) standardized performance for Reading Span; MAT(z) standardized performance for Reading 








A1.3.1. DUAL TASKS 
 
Table A.42. Dual performance and cognitive cost indices for the proportion of 
lists correctly recalled in the Paper and Pencil Test: Descriptive statistics by 
Age group and Span level. 
  
  
N MD M sd min max skew kurt 
Proportion of lists recalled in dual condition 
 Younger – High 25 0.89 0.83 0.18 0.38 1.00 -0.878 0.155 
 Younger – Low  25 0.91 0.83 0.19 0.36 1.00 -1.421 0.794 
 Older – High  31 0.88 0.80 0.22 0.33 1.00 -0.888 -0.726 
 Older – Low  31 0.92 0.81 0.25 0.13 1.00 -1.610 1.608 
Difference (S-D) 
 Younger – High 25 0.00 0.01 0.15 -0.26 0.33 0.303 -0.022 
 Younger – Low  25 0.06 0.04 0.13 -0.22 0.32 0.165 0.275 
 Older – High  31 0.07 0.09 0.17 -0.18 0.56 0.804 1.143 
 Older – Low  31 0.00 0.07 0.18 -0.26 0.69 1.449 4.385 
Relative difference (S-D)/S 
 Younger – High 25 0.00 0.00 0.18 -0.41 0.33 -0.192 0.082 
 Younger – Low  25 0.06 0.02 0.21 -0.48 0.44 -0.429 1.024 
 Older – High  31 0.07 0.10 0.20 -0.26 0.56 0.529 0.326 
 Older – Low  31 0.00 0.08 0.25 -0.41 0.76 1.141 2.422 
Note. MD = median; M = mean; skew = Skewness; kurt = Kurtosis. 
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Table A.43. Dual performance and cognitive cost indices for the number of 
crosses drawn in the Paper and Pencil Test: Descriptive statistics by Age group 
and Span level. 
  
  
N MD M sd min max skew kurt 
Number of crosses in dual condition 
 Younger – High 25 179 182.76 25.42 125 230 -0.193 -0.374 
 Younger – Low  25 180 186.20 29.57 143 263 0.606 0.089 
 Older – High  31 130 129.90 25.58 68 183 -0.335 0.012 
 Older – Low  31 111 113.06 39.20 44 182 0.173 -0.837 
Difference (S-D) 
 Younger – High 25 9.00 10.32 14.05 -20.00 50.00 0.523 2.107 
 Younger – Low  25 3.00 2.80 21.75 -76.00 51.00 -1.654 7.259 
 Older – High  31 12.00 10.84 21.79 -39.00 58.00 0.014 0.829 
 Older – Low  31 9.00 13.77 22.43 -22.00 92.00 1.495 3.755 
Relative difference (S-D)/S 
 Younger – High 25 0.05 0.05 0.07 -0.11 0.25 0.525 2.664 
 Younger – Low  25 0.01 0.01 0.11 -0.41 0.26 -1.743 7.520 
 Older – High  31 0.09 0.06 0.18 -0.54 0.35 -1.256 3.244 
 Older – Low  31 0.06 0.11 0.17 -0.16 0.54 0.857 0.577 
Note. MD = median; M = mean; skew = Skewness; kurt = Kurtosis. 
 
Table A.44. Dual performance and cognitive cost indices for the composite 




N MD M sd min max skew kurt 
Composite performance in dual condition 
 Younger – High 25 0.42 0.41 0.36 -0.32 1.01 -0.216 -0.789 
 Younger – Low  25 0.55 0.46 0.64 -0.97 1.23 -0.920 0.021 
 Older – High  31 0.02 -0.27 0.69 -1.89 0.55 -1.014 0.086 
 Older – Low  31 -0.27 -0.44 0.78 -2.39 0.80 -0.906 0.684 
Difference (S-D) 
 Younger – High 25 -0.14 -0.08 0.39 -0.84 0.88 0.423 0.200 
 Younger – Low  25 -0.04 -0.09 0.45 -1.53 0.71 -1.082 3.385 
 Older – High  31 0.04 0.09 0.55 -1.21 1.82 0.813 3.071 
 Older – Low  31 0.00 0.05 0.51 -0.95 1.46 0.968 2.320 
Relative difference (S-D)/S 
 Younger – High 25 0.51 1.41 5.91 -1.80 29.04 4.602 22.216 
 Younger – Low  25 0.09 0.66 2.27 -1.85 9.50 2.982 9.910 
 Older – High  31 0.38 1.18 4.85 -7.72 24.91 3.938 20.635 
 Older – Low  31 0.05 -0.25 2.57 -9.22 8.92 -0.039 9.551 
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Table A.45. Rate of frame change by Film, Condition, Age group and Span level in the CMT: 
Descriptive statistics 
  Film 1 Film 2 Film 3 Film 4 Film 5 Film 6 Film 7 Film 8 Film 9 Film 10
Size - Single           
 Younger - High (N=24) M 1039 925 849 964 906 893 867 830 804 836 
  SD 177 197 175 222 212 177 157 149 121 141 
 Younger - Low (N=24) M 1010 950 857 866 877 856 818 827 824 856 
  SD 152 200 178 161 153 104 98 106 86 109 
 Older - High (N=28) M 1561 1374 1147 1163 1117 1076 1043 1021 1008 1045 
  SD 344 371 304 334 298 275 222 272 235 220 
 Older - Low (N=25) M 1620 1579 1478 1540 1549 1501 1452 1415 1409 1381 
  SD 409 603 601 743 758 760 815 843 800 691 
 Total (N=101) M 1320 1217 1089 1138 1117 1085 1049 1027 1015 1034 
  SD 407 469 438 495 499 483 492 505 481 427 
Brightness - Single           
 Younger - High (N=24) M 1339 1290 1242 1221 1250 1244 1289 1280 1319 1311 
  SD 309 279 265 244 243 257 284 293 325 366 
 Younger - Low (N=24) M 1451 1315 1229 1325 1313 1298 1286 1297 1240 1259 
  SD 301 183 225 261 232 202 200 190 178 147 
 Older - High (N=28) M 2076 1958 1993 1920 1876 1892 1813 1786 1750 1802 
  SD 449 571 735 646 653 622 541 464 409 482 
 Older - Low (N=25) M 2263 2307 2480 2468 2559 2541 2632 2620 2548 2519 
  SD 451 716 1032 1174 1300 1342 1383 1377 1374 1367 
 Total (N=101) M 1799 1733 1754 1748 1763 1757 1766 1756 1724 1734 
  SD 549 650 840 848 906 913 929 913 892 894 
Size - Dual           
 Younger - High (N=24) M 1282 1293 1183 1293 1242 1232 1243 1248 1225 1234 
  SD 218 266 237 266 220 226 230 252 244 243 
 Younger - Low (N=24) M 1247 1202 1220 1251 1214 1186 1253 1241 1228 1214 
  SD 187 284 277 347 271 235 261 253 240 286 
 Older - High (N=28) M 1926 1826 1810 1863 1842 1849 1810 1800 1728 1755 
  SD 425 458 488 614 685 674 594 602 615 661 
 Older - Low (N=25) M 2007 2073 2273 2317 2257 2333 2374 2372 2329 2301 
  SD 501 697 908 1035 1075 1155 1254 1329 1283 1333 
 Total (N=101) M 1632 1612 1635 1694 1653 1665 1683 1678 1638 1638 
  SD 502 582 702 771 787 829 846 875 853 879 
Brightness - Dual           
 Younger - High (N=24) M 1653 1966 2011 1919 1865 1978 1912 2012 2025 1911 
  SD 382 442 265 504 412 427 408 427 501 415 
 Younger - Low (N=24) M 1791 2173 2235 1985 1952 2075 1967 1937 1936 1858 
  SD 372 461 416 419 357 366 336 354 361 278 
 Older - High (N=28) M 2564 3066 3043 2940 2907 3030 2877 2870 2936 2925 
  SD 554 654 736 762 750 782 847 825 828 746 
 Older - Low (N=25) M 2752 3342 3634 3647 3699 3695 3700 3642 3630 3535 
  SD 614 763 971 1170 1063 1048 1132 1124 1200 1213 
 Total (N=101) M 2210 2661 2752 2646 2628 2718 2635 2636 2654 2582 
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Table A.46. Percent of adjusmtent accuracy by Film, Condition, Age group and Span level in the 
CMT: Descriptive statistics 
  Film 1 Film 2 Film 3 Film 4 Film 5 Film 6 Film 7 Film 8 Film 9 Film 10
Size - Single           
 Younger - High (N=24) M 68.73 68.30 61.71 68.64 65.30 66.84 66.26 65.47 63.83 65.86 
  SD 4.94 4.64 4.40 4.83 4.37 4.16 3.47 3.57 3.23 4.20 
 Younger - Low (N=24) M 67.50 68.90 63.54 65.17 65.99 66.44 65.10 64.64 64.05 65.94 
  SD 3.83 5.18 6.23 5.82 5.50 3.66 2.87 5.14 3.11 3.67 
 Older - High (N=28) M 69.79 70.96 63.72 66.90 66.10 65.98 66.19 65.06 63.82 64.23 
  SD 5.13 4.37 6.99 4.88 3.67 3.47 3.86 3.72 3.73 4.20 
 Older - Low (N=25) M 59.83 67.18 62.07 65.79 66.39 66.87 66.23 65.47 65.17 65.02 
  SD 20.78 8.68 7.40 7.53 5.81 3.94 3.95 4.18 4.93 3.87 
 Total (N=101) M 66.53 68.90 62.79 66.63 65.96 66.51 65.95 65.16 64.21 65.22 
  SD 11.63 6.03 6.36 5.91 4.82 3.76 3.56 4.13 3.81 4.00 
Brightness - Single           
 Younger - High (N=24) M 65.09 64.97 64.12 63.25 64.84 63.09 64.64 63.59 64.51 63.13 
  SD 8.31 7.61 5.45 6.49 4.08 6.58 5.12 6.24 6.10 5.82 
 Younger - Low (N=24) M 67.46 66.64 64.58 66.22 65.32 65.59 63.91 65.46 63.54 63.51 
  SD 8.42 6.98 5.28 6.95 5.57 5.45 5.21 3.76 5.16 4.12 
 Older - High (N=28) M 66.06 64.47 65.35 65.82 64.16 66.25 64.23 64.43 62.75 65.11 
  SD 10.93 8.26 7.46 6.38 7.45 7.77 6.09 8.11 7.38 4.38 
 Older - Low (N=25) M 60.00 60.80 65.68 60.98 63.84 61.82 61.73 65.82 62.40 64.47 
  SD 14.80 13.65 8.09 10.38 7.77 9.00 13.02 6.70 8.45 9.48 
 Total (N=101) M 64.66 64.19 64.96 64.11 64.52 64.24 63.63 64.82 63.27 64.10 
  SD 11.18 9.60 6.66 7.88 6.39 7.47 8.01 6.44 6.87 6.25 
Size - Dual           
 Younger - High (N=24) M 65.30 66.28 61.55 67.35 65.83 64.75 65.27 66.31 63.36 65.88 
  SD 6.81 5.99 6.62 4.77 4.89 3.56 4.76 4.04 4.31 5.30 
 Younger - Low (N=24) M 65.98 64.68 65.25 64.54 65.72 62.33 65.18 66.84 64.62 63.70 
  SD 6.29 4.98 5.44 5.82 4.00 4.96 3.62 3.92 5.23 5.66 
 Older - High (N=28) M 66.20 65.98 64.48 65.73 63.70 64.56 65.15 66.09 64.84 63.19 
  SD 8.42 6.41 6.02 5.00 5.36 3.47 4.36 4.59 4.24 3.68 
 Older - Low (N=25) M 59.31 59.46 62.93 65.39 60.99 63.17 64.67 64.60 64.17 62.36 
  SD 15.04 10.80 10.86 7.98 9.79 5.74 6.79 7.75 6.40 7.46 
 Total (N=101) M 64.23 64.13 63.58 65.75 64.01 63.73 65.07 65.95 64.27 63.75 
  SD 10.07 7.79 7.55 6.00 6.61 4.55 4.95 5.30 5.05 5.70 
Brightness - Dual           
 Younger - High (N=24) M 46.52 61.29 67.69 62.70 60.05 64.68 63.07 62.63 66.61 63.11 
  SD 14.20 10.10 6.54 10.27 5.85 8.09 6.23 6.48 6.27 7.40 
 Younger - Low (N=24) M 49.63 65.11 70.27 64.77 60.40 68.45 65.68 62.95 66.14 63.65 
  SD 11.33 8.46 7.07 7.30 5.64 6.14 5.65 7.76 6.70 6.34 
 Older - High (N=28) M 48.54 63.87 65.64 64.25 61.05 68.04 64.92 63.17 64.80 62.70 
  SD 11.40 10.01 9.17 8.54 5.86 5.98 5.63 6.76 6.73 8.29 
 Older - Low (N=25) M 43.68 56.97 60.84 61.41 61.97 63.54 64.89 62.89 62.37 60.46 
  SD 15.74 15.51 15.52 13.82 10.09 12.50 7.38 8.69 10.67 12.67 
 Total (N=101) M 47.11 61.84 66.04 63.30 60.88 66.22 64.66 62.92 64.95 62.47 
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Table A.47. Change rate and percent accuracy by Age group, Span level, Type of stimulus and 
Condition in the CMT: Reliability indices 
 Split-half indices 
 





Guttman Alpha  part 1 
Alpha  
part 2 
Full sample (N=101)        
Speed - Size Single 0.978 0.977 0.853 0.921 0.918 0.952 0.990 
Speed - Brightness Single 0.981 0.981 0.906 0.951 0.936 0.948 0.992 
Speed - Size Dual 0.981 0.981 0.911 0.954 0.928 0.944 0.993 
Speed - Brightness Dual 0.981 0.981 0.908 0.952 0.942 0.947 0.990 
Accuracy - Size Single 0.127 0.048 † † † † † 
Accuracy - Brightness Single 0.721 0.731 0.511 0.677 0.673 0.551 0.638 
Accuracy - Size Dual 0.682 0.659 0.534 0.696 0.591 0.662 0.149 
Accuracy - Brightness Dual 0.732 0.725 0.578 0.732 0.665 0.698 0.347 
Younger - High span (N=24)        
Speed - Size Single 0.939 0.945 0.787 0.881 0.874 0.878 0.948 
Speed - Brightness Single 0.934 0.935 0.762 0.865 0.838 0.809 0.957 
Speed - Size Dual 0.937 0.937 0.806 0.892 0.886 0.824 0.951 
Speed - Brightness Dual 0.935 0.935 0.764 0.866 0.847 0.807 0.953 
Accuracy - Size Single † † † † † † † 
Accuracy - Brightness Single † † † † † † † 
Accuracy - Size Dual † † 0.102 0.186 0.157 0.116 † 
Accuracy - Brightness Dual 0.301 0.157 0.379 0.549 0.492 0.178 † 
Younger - Low span (N=24)        
Speed - Size Single 0.872 0.891 0.746 0.854 0.805 0.785 0.836 
Speed - Brightness Single 0.885 0.899 0.641 0.781 0.779 0.763 0.916 
Speed - Size Dual 0.939 0.939 0.838 0.912 0.910 0.829 0.951 
Speed - Brightness Dual 0.917 0.925 0.820 0.901 0.901 0.766 0.933 
Accuracy - Size Single † † 0.206 0.342 0.311 † † 
Accuracy - Brightness Single † † 0.053 0.100 0.095 † † 
Accuracy - Size Dual † † † † † † † 
Accuracy - Brightness Dual † † † † † † † 
Older - High span (N=28)        
Speed - Size Single 0.960 0.967 0.841 0.914 0.903 0.919 0.974 
Speed - Brightness Single 0.973 0.977 0.933 0.965 0.960 0.936 0.970 
Speed - Size Dual 0.975 0.974 0.941 0.970 0.951 0.909 0.986 
Speed - Brightness Dual 0.968 0.967 0.883 0.938 0.921 0.906 0.979 
Accuracy - Size Single 0.130 0.109 0.199 0.332 0.306 0.068 † 
Accuracy - Brightness Single † † † † † † † 
Accuracy - Size Dual 0.394 0.313 0.310 0.474 0.385 0.388 † 
Accuracy - Brightness Dual 0.098 0.044 0.035 0.067 0.056 0.266 † 
Older - Low span (N=25)        
Speed - Size Single 0.974 0.973 0.827 0.905 0.884 0.944 0.991 
Speed - Brightness Single 0.973 0.971 0.897 0.946 0.893 0.909 0.993 
Speed - Size Dual 0.973 0.972 0.880 0.936 0.873 0.914 0.995 
Speed - Brightness Dual 0.963 0.960 0.791 0.883 0.856 0.904 0.987 
Accuracy - Size Single 0.267 0.268 † † † † † 
Accuracy - Brightness Single 0.903 0.916 0.764 0.866 0.864 0.809 0.871 
Accuracy - Size Dual 0.823 0.820 0.668 0.801 0.675 0.820 0.486 
Accuracy - Brightness Dual 0.887 0.883 0.745 0.854 0.784 0.893 0.659 
Note. † The correlation between forms (halves) of the test was negative. Statistics were not reported. 
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Table A.48. Approximate probabilities for post-hoc Tukey HSD test 
for the analysis of the Age*Span interaction for the mean change rate 
   {1} {2} {3} {4} 
   1336 1348 1944 2444 
Younger High Span {1}  1.000 0.001 0.001 
Younger Low Span {2} 1.000  0.001 0.001 
Older High Span {3} 0.001 0.001  0.002 
Older Low Span {4} 0.001 0.001 0.002  
Note. MS = 951900.0, df = 97.00 
 
Table A.49. Approximate probabilities for post-hoc Tukey HSD test 
for the analysis of the Age*Type interaction for the  mean change rate 
   {1} {2} {3} {4} 
   1059 1624 1672 2689 
Younger Size {1}  0.001 0.001 0.001 
Younger Brightness {2} 0.001  0.967 0.001 
Older Size {3} 0.001 0.967  0.001 
Older Brightness {4} 0.001 0.001 0.001  
Note. MS = 272000, df = 124.16 
 
Table A.50. Approximate probabilities for post-hoc Tukey HSD test for 
the analysis of the Age*Condition interaction for the  mean change rate 
   {1} {2} {3} {4} 
   1086 1597 1743 2617 
Younger Single {1}  0.001 0.001 0.001 
Younger Dual {2} 0.001  0.460 0.001 
Older Single {3} 0.001 0.460  0.001 
Older Dual {4} 0.001 0.001 0.001  
Note. MS = 250100, df = 106.83 
 
Table A.51. Approximate probabilities for post-hoc Tukey HSD test for 
the analysis of the Type*Condition interaction for the  mean change 
rate 
   {1} {2} {3} {4} 
   1109 1754 1662 2619 
Size Single {1}  0.001 0.001 0.001 
Brightness Dual {2} 0.001  0.038 0.001 
Size Single {3} 0.001 0.038  0.001 
Bightness Dual {4} 0.001 0.001 0.001  
Note. MS = 69237., df = 97.00 
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Table A.52. Frame change rate (in ms) by Type of item, Condition, Age group and Span level in the 
CMT: Results of the 2 × 2 mixed design ANOVA 






Error F p 
partial 
η2 
Group 3 7003153.70 97 237964.90 29.429 .001 0.476 
Condition 1 48301588.96 97 48356.85 998.857 .001 0.911 
Type 1 63363045.20 97 135971.51 466.002 .001 0.828 
Group * Condition 3 1116587.26 97 48356.85 23.091 .001 0.417 
Group * Type 3 1946052.30 97 135971.51 14.312 .001 0.307 
Condition * Type 1 2476111.73 97 69237.36 35.763 .001 0.269 
Group * Type * Cond 3 13482.99 97 69237.36 0.195 .900 0.006 
 
 
Table A.53. A priori planned comparisons assessing the Group main effect considering  the younger 
Low Spans and the older High Spans only 
  Sum of squares df Mean square F p 
Effect 18403586.67 1 18403586.67 19.334 0.0001 
 
Error 92330379.83 97 951859.59   
 
Table A.54. A priori planned comparisons assessing the Group*Condition interaction considering  
the younger Low Spans and the older High Spans only 
  Sum of squares df Mean square F p 
Effect 1378312.30 1 1378312.30 28.50 0.0001 
 
Error 4690614.77 97 48356.85   
 
Table A.55. Group*Condition interaction considering  the younger low span and the older High 
Spans only 
  Sum of squares df Mean square F p (corrected) 
Effect 4854493.40 1 4854493.40 11.90 0.001 (.01) Y-LS / O-HS : Single 
Error 39565045.16 97 407887.06   
Effect 14927405.57 1 14927405.57 25.20 0.001 (.01) Y-LS / O-HS : Dual 
Error 57455949.45 97 592329.38   
Effect 6503855.82 1 6503855.82 134.50 0.001 (.01) Single / Dual : Y-LS 
Error 4690614.77 97 48356.85   
Effect 20094652.15 1 20094652.15 415.55 0.001 (.01) Single / Dual : Y-LS 
Error 4690614.77 97 48356.85   
Note. Threshold value (Bonferroni correction) for 4 comparisons : α=0.0125 for  p<.05 et α=0.0025 for p<.01 
 
Table A.56. A priori planned comparisons assessing the Group main effect for Size considering  the 
younger Low Spans and the older High Spans only  
  Sum of squares df Mean square F p 
Effect 4964367.90 1 4964367.90 12.676 0.0006 
 
Error 37989420.82 97 391643.51   
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Table A.57. A priori planned comparisons assessing the Group*Condition interaction for Size 
considering  the younger Low Spans and the older High Spans only 
  Sum of squares df Mean square F p 
Effect 635881.97 1 635881.97 9.18 0.0031 
 
Error 6722488.71 97 69304.01   
 
Table A.58. Group*Condition interaction for Size considering  the younger Low Spans and the older 
High Spans only 
  Sum of squares df Mean square F p (corrected) 
Effect 1023399.85 1 1023399.85 8.08 0.0055 (.01) 
Y-LS / O-HS : Single 
Error 12287255.42 97 126672.74   
Effect 4576850.01 1 4576850.01 13.69 0.0004 (.01) 
Y-LS / O-HS : Dual 
Error 32424654.11 97 334274.78   
Effect 1483013.68 1 1483013.68 21.40 0.0001 (.01) 
Single / Dual : Y-LS 
Error 6722488.71 97 69304.01   
Effect 6195805.87 1 6195805.87 89.40 0.0001 (.01) 
Single / Dual : Y-LS 
Error 6722488.71 97 69304.01   
Note. Threshold value (Bonferroni correction) for 4 comparisons : α=0.0125 for  p<.05 et α=0.0025 for p<.01 
 
Table A.59. A priori planned comparisons assessing the Group main effect for Brightness 
considering the younger Low Spans and the older High Spans only  
  Sum of squares df Mean square F p 
Effect 14736427.05 1 14736427.05 21.167 0.0001 
 
Error 67530195.27 97 696187.58   
 
Table A.60. A priori planned comparisons assessing the Group*Condition interaction for Brightness 
considering  the younger Low Spans and the older High Spans only  
  Sum of squares df Mean square F p 
Effect 744573.13 1 744573.13 15.42 0.0002 
 
Error 4684149.87 97 48290.20   
 
Table A.61. Group*Condition interaction for Brightness considering  the younger Low Spans and 
the older High Spans only 
  Sum of squares df Mean square F p (corrected) 
Effect 4428046.68 1 4428046.68 11.89 0.0008 (.01) 
Y-LS / O-HS : Single 
Error 36131574.51 97 372490.46   
Effect 11052953.51 1 11052953.51 29.71 0.0001 (.01) 
Y-LS / O-HS : Dual 
Error 36082770.62 97 371987.33   
Effect 5706508.96 1 5706508.96 118.17 0.0001 (.01) 
Single / Dual : Y-LS 
Error 4684149.87 97 48290.20   
Effect 14825317.54 1 14825317.54 307.00 0.0001 (.01) 
Single / Dual : Y-LS 
Error 4684149.87 97 48290.20   
Note. Threshold value (Bonferroni correction) for 4 comparisons : α=0.0125 for  p<.05 et α=0.0025 for p<.01 
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Table A.62. Cost indices for size adjustement time by Type of cost score, Age group, Span level and 
Condition in the CMT: Reliability indices 






Dual performance            
Full sample (N=101) 1654 1671 616 848 849 860 4058 5377 .913 .954 .929 
Younger – High Span (N=24) 1259 1236 186 219 962 899 1598 1619 .806 .892 .886 
Younger – Low Span (N=24) 1227 1225 214 234 849 860 1799 1879 .838 .912 .910 
Older – High Span (N=28) 1877 1820 473 627 1197 879 3066 3688 .946 .972 .953 
Older – Low Span (N=25) 2185 2342 751 1259 1165 1180 4058 5377 .880 .936 .873 
Difference (D-S)            
Full sample (N=101) 478 628 349 522 -523 -123 1685 3247 .853 .920 .881 
Younger – High Span (N=24) 322 390 122 162 121 73 586 603 .379 .549 .534 
Younger – Low Span (N=24) 315 388 181 205 0 125 929 1035 .679 .809 .805 
Older – High Span (N=28) 610 780 341 481 196 136 1497 2069 .883 .938 .909 
Older – Low Span (N=25) 632 910 486 767 -523 -123 1685 3247 .829 .907 .857 
Relative Difference (D-S)/S            
Full sample (N=101) 0.418 0.598 0.268 0.355 -0.168 -0.046 1.525 1.986 .764 .866 .847 
Younger – High Span (N=24) 0.357 0.473 0.159 0.206 0.137 0.088 0.720 0.804 .421 .592 .579 
Younger – Low Span (N=24) 0.352 0.463 0.203 0.239 0.000 0.133 1.068 1.227 .644 .783 .777 
Older – High Span (N=28) 0.490 0.737 0.286 0.418 0.169 0.183 1.285 1.986 .852 .920 .886 
Older – Low Span (N=25) 0.458 0.685 0.355 0.408 -0.168 -0.046 1.525 1.524 .767 .868 .864 
 
Table A.63. Cost indices for brightness adjustement time by Type of cost score, Age group, Span level 
and Condition in the CMT: Reliability indices 






Dual performance            
Full sample (N=101) 2583 2644 822 1009 1379 1286 4630 5487 0.911 0.953 0.943 
Younger – High Span (N=24) 1887 1942 298 412 1379 1286 2483 3247 0.795 0.886 0.860 
Younger – Low Span (N=24) 2041 1969 294 305 1526 1429 2706 2630 0.830 0.907 0.907 
Older – High Span (N=28) 2904 2928 593 774 2102 2041 4630 5158 0.883 0.938 0.921 
Older – Low Span (N=25) 3406 3649 808 1107 2102 2220 4630 5487 0.793 0.884 0.861 
Difference (D-S)            
Full sample (N=101) 821 895 329 457 267 -120 1853 2638 0.629 0.772 0.747 
Younger – High Span (N=24) 635 670 192 230 267 226 1024 1232 0.445 0.616 0.609 
Younger – Low Span (N=24) 691 681 248 262 290 183 1208 1173 0.687 0.814 0.813 
Older – High Span (N=28) 939 1119 251 441 545 543 1620 2638 0.349 0.517 0.461 
Older – Low Span (N=25) 990 1066 433 591 305 -120 1853 2131 0.617 0.763 0.740 
Relative Difference (D-S)/S            
Full sample (N=101) 0.507 0.568 0.209 0.242 0.111 -0.025 1.082 1.137 0.560 0.718 0.713 
Younger – High Span (N=24) 0.518 0.542 0.175 0.171 0.234 0.134 1.003 0.881 0.284 0.442 0.442 
Younger – Low Span (N=24) 0.527 0.540 0.204 0.229 0.184 0.134 0.914 0.962 0.581 0.735 0.732 
Older – High Span (N=28) 0.513 0.632 0.198 0.215 0.180 0.284 1.082 1.047 0.445 0.616 0.615 
Older – Low Span (N=25) 0.470 0.548 0.255 0.325 0.111 -0.025 1.003 1.137 0.736 0.848 0.834 
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A1.3.2. LONG-TERM MEMORY 
Table A.64. Approximate probabilities for post-hoc Tukey HSD test for 
the analysis of the Age*Span interaction for the number of mismatches 
   {1} {2} {3} {4} 
   16.04 15.60 13.97 10.83 
Younger High {1}  0.929 0.017 0.001 
Younger Low {2} 0.929  0.085 0.001 
Older High {3} 0.017 0.085  0.001 
Older Low {4} 0.001 0.001 0.001  




A1.3.3. RESISTANCE TO INTERFERENCE 
Table A.65. Age, years of education and working memory score by Age group and Span level for the entire 
population and the randomly selected subsample of older adults: Descriptive statistics 
  Age  Years of education  WM score 
  M Sd range  M Sd range  M Sd range 
Initial population            
 Y – HS (N=10) 23.16 3.60 19 – 35  15.64 1.50 13 – 19  1.17 0.42 0.68 – 2.06 
 Y – LS (N=15) 22.92 2.63 20 – 32  14.64 1.25 12 – 17  -0.27 0.30 -0.93 – 0.12
 O – HS (N=31) 70.71 4.70 62 – 81  14.10 3.82 6 – 22  0.50 0.53 -0.14 – 1.84
 O – LS (N=31) 73.00 9.61 56 – 90  13.13 3.20 6 – 20  -1.17 0.46 -2.59 – -0.73
Older sub-sample            
 O – HS (N=10) 70.50 5.36 62 – 78  14.70 3.30 10 – 20  0.57 0.64 -0.14 –1.54
 O – LS (N=10) 72.70 10.63 56 – 89  15.30 2.91 10 – 20  -1.17 0.41 -1.77 – -0.74
 
In the randomly selected sample, it should be noted that the means and standard deviation on Age 
and WM scores of each of the older sub-groups were close to the values observed in the original 
groups. To ensure that there was no significant differences on Age and Years of Educations across 
the randomly selected sub-groups of High and Low span older individuals, independent samples t-
tests were conducted on these two variables. Results mirror the findings reported on the original 
population, with non significant Age differences t(13.301)=-0.585, p=.569 (unequal variance assumed) 
and a non significant differences in the number of Years of Education, t(18)=-0.431, p=.671. 
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Table A.66. Split-half reliability indices in the Reading task of the Color Stroop by Age group and Span level 
for the entire study sample. 






Study sample (N=87)            
All items 532 526 84 85 396 397 768 822 0.904 0.949 0.949 
Congruent items 526 521 84 82 387 396 794 861 0.887 0.940 0.940 
Incongruent items 529 523 82 87 394 383 746 814 0.855 0.922 0.921 
Neutral words 557 538 98 87 391 383 943 885 0.923 0.960 0.956 
White words 525 524 84 86 379 389 754 782 0.873 0.932 0.932 
Younger High Span (N=10)            
All items 496 492 82 93 419 412 713 745 0.969 0.984 0.980 
Congruent items 496 488 87 80 423 396 722 689 0.912 0.954 0.952 
Incongruent items 494 482 77 94 415 410 690 740 0.950 0.974 0.965 
Neutral words 504 498 81 88 438 432 715 738 0.951 0.975 0.973 
White words 493 494 94 94 413 407 748 748 0.953 0.976 0.976 
Younger Low Span (N=15)            
All items 468 471 58 57 396 397 584 560 0.934 0.966 0.966 
Congruent items 461 465 60 55 387 400 597 561 0.927 0.962 0.959 
Incongruent items 469 468 58 58 394 383 593 576 0.886 0.939 0.939 
Neutral words 482 479 65 61 391 383 595 586 0.869 0.930 0.929 
White words 464 472 60 66 379 389 573 583 0.935 0.966 0.964 
Older High Span (N=31)            
All items 535 524 74 64 414 430 721 695 0.829 0.907 0.902 
Congruent items 529 519 72 62 412 427 715 704 0.801 0.890 0.884 
Incongruent items 529 520 70 68 412 404 702 693 0.723 0.839 0.839 
Neutral words 560 539 78 63 433 449 749 707 0.873 0.932 0.921 
White words 527 522 71 64 411 430 713 680 0.803 0.891 0.889 
Older Low Span (N=31)            
All items 572 566 84 94 431 419 768 822 0.892 0.943 0.940 
Congruent items 564 562 84 93 411 416 794 861 0.884 0.938 0.936 
Incongruent items 569 566 85 93 428 424 746 814 0.838 0.912 0.910 
Neutral words 608 579 105 99 466 430 943 885 0.923 0.960 0.959 


















Table A.67. Split-half reliability indices in the Naming task of the Color Stroop by Age group and Span level 
for the entire study sample. 






Study sample (N=87)            
All items 786 761 157 140 530 509 1510 1267 0.905 0.950 0.947 
Congruent items 720 724 143 142 468 474 1224 1179 0.859 0.924 0.924 
Incongruent items 922 913 226 266 585 571 1772 2695 0.833 0.909 0.902 
Neutral words 818 801 188 165 517 527 1800 1569 0.923 0.960 0.956 
White words 705 679 124 108 490 490 1139 1020 0.886 0.939 0.935 
Younger High Span (N=10)            
All items 657 679 81 68 595 600 876 853 0.938 0.968 0.960 
Congruent items 639 667 96 59 558 592 899 788 0.836 0.911 0.854 
Incongruent items 730 761 88 104 634 646 936 1024 0.889 0.941 0.933 
Neutral words 686 704 74 63 633 630 887 850 0.872 0.932 0.925 
White words 606 610 91 65 532 540 855 761 0.901 0.948 0.920 
Younger Low Span (N=15)            
All items 657 669 69 98 530 509 767 869 0.865 0.927 0.898 
Congruent items 602 626 77 106 468 474 752 826 0.759 0.863 0.838 
Incongruent items 754 779 88 111 585 571 924 934 0.700 0.823 0.810 
Neutral words 676 707 79 109 517 527 815 878 0.862 0.926 0.901 
White words 609 610 72 90 490 490 744 801 0.816 0.899 0.887 
Older High Span (N=31)            
All items 820 779 116 127 648 589 1062 1039 0.838 0.912 0.910 
Congruent items 763 755 132 146 539 519 1066 1024 0.866 0.928 0.926 
Incongruent items 958 928 170 163 732 595 1340 1352 0.807 0.893 0.893 
Neutral words 834 803 125 126 642 624 1090 1164 0.750 0.857 0.857 
White words 733 686 109 100 527 534 1000 925 0.829 0.906 0.904 
Older Low Span (N=31)            
All items 855 814 182 157 596 575 1510 1267 0.932 0.965 0.959 
Congruent items 762 759 150 148 495 503 1224 1179 0.837 0.911 0.911 
Incongruent items 1030 1012 269 375 682 596 1772 2695 0.827 0.905 0.878 
Neutral words 915 877 236 205 662 645 1800 1569 0.975 0.988 0.983 











Table A.68. Response times (ms) as a function of Task, Age group, Span level 
and Condition, in the Color Stroop Reading task: Descriptive statistics for the 
population study and the sub-sample 
  
  
N MD M sd min max skew kurt 
Congruents 
 Younger - High 10 478 489 79 408 695 2.175 5.910 
 Younger - Low 15 470 461 55 390 570 0.414 -0.735 
 Older - High 31 506 523 65 422 710 0.721 0.774 
 Older - Low 31 547 561 86 416 822 1.122 1.835 
 Older - High 10 508 534 86 423 710 0.950 0.585 
 Older - Low 10 551 565 59 506 679 1.280 0.680 
Incongruents 
 Younger - High 10 471 489 87 415 725 2.628 7.729 
 Younger - Low 15 476 469 55 396 587 0.447 -0.349 
 Older - High 31 511 523 64 407 693 0.510 0.115 
 Older - Low 31 549 564 84 426 765 0.682 0.212 
 Older - High 10 503 531 85 407 693 0.617 0.063 
 Older - Low 10 552 572 56 515 684 1.477 0.982 
Neutral Words 
 Younger - High 10 487 501 87 435 738 2.724 8.062 
 Younger - Low 15 484 481 61 387 578 -0.047 -1.424 
 Older - High 31 529 549 68 441 732 0.630 0.017 
 Older - Low 31 564 591 97 463 885 1.273 1.831 
 Older - High 10 530 557 87 441 732 0.906 0.392 
 Older - Low 10 578 603 71 534 747 1.511 1.111 
White words 
 Younger - High 10 476 492 93 410 748 2.728 8.190 
 Younger - Low 15 468 467 61 388 571 0.304 -1.302 
 Older - High 31 501 523 64 419 687 0.555 -0.186 
 Older - Low 31 550 560 86 418 762 0.757 0.262 
 Older - High 10 500 529 83 419 687 0.729 -0.163 
 Older - Low 10 551 565 61 504 692 1.494 1.305 











Table A.69. Response times (ms) as a function of Task, Age group, Span level 
and Condition, in the Color Stroop Naming task: Descriptive statistics for the 
population study and the sub-sample 
  
  
N MD M sd min max skew kurt 
Congruents 
 Younger - High 10 636 651 77 586 853 2.317 6.231 
 Younger - Low 15 619 613 89 486 752 -0.006 -1.296 
 Older - High 31 730 757 134 545 1024 0.505 -0.688 
 Older - Low 31 759 757 136 500 1151 0.600 1.491 
 Older - High 10 784 780 155 545 1008 -0.020 -1.269 
 Older - Low 10 763 765 122 604 1023 0.803 1.269 
Incongruents 
 Younger - High 10 738 746 94 636 982 1.925 5.055 
 Younger - Low 15 789 766 100 612 934 -0.302 -0.844 
 Older - High 31 881 941 164 696 1290 0.824 -0.356 
 Older - Low 31 957 1010 296 687 2190 2.415 7.911 
 Older - High 10 963 1010 205 732 1290 0.252 -1.578 
 Older - Low 10 969 977 139 779 1255 0.494 0.687 
Neutral Words 
 Younger - High 10 676 696 69 635 879 2.410 6.548 
 Younger - Low 15 684 690 86 518 826 -0.135 -0.397 
 Older - High 31 781 816 112 633 1026 0.564 -0.708 
 Older - Low 31 856 896 232 657 1799 2.261 6.783 
 Older - High 10 815 839 138 633 1026 0.044 -1.241 
 Older - Low 10 846 851 128 670 1135 0.994 2.065 
White words 
 Younger - High 10 588 610 77 538 810 2.284 5.661 
 Younger - Low 15 612 611 82 500 774 0.361 -0.570 
 Older - High 31 673 705 101 527 947 0.632 -0.035 
 Older - Low 31 743 737 115 543 1100 0.905 1.975 
 Older - High 10 713 706 113 527 837 -0.401 -1.324 
 Older - Low 10 747 736 81 628 908 0.666 1.471 
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Table A.70. Response times (ms) by Age group, Span level, Task and Condition in the Color Stroop: 
Analysis of variance1,2. 






Error F p 
partial 
η2 
Age 1.000 1715061.581 83.000 71514.707 23.982 0.001 0.224 
Span 1.000 26934.790 83.000 71514.707 0.377 0.541 0.005 
Age * Span 1.000 111083.011 83.000 71514.707 1.553 0.216 0.018 
Condition 1.709 524075.484 141.831 5091.837 102.925 0.001 0.554 
Age * Cond 1.709 38264.312 141.831 5091.837 7.515 0.001 0.083 
Span * Cond 1.709 14916.296 141.831 5091.837 2.929 0.065 0.034 
Age * Span * Cond 1.709 2163.895 141.831 5091.837 0.425 0.623 0.005 
Task 1.000 7633105.679 83.000 29667.195 257.291 0.001 0.756 
Age * Task 1.000 257434.988 83.000 29667.195 8.677 0.004 0.095 
Span * Task  1.000 4746.940 83.000 29667.195 0.160 0.690 0.002 
Age * Span * Task  1.000 1026.375 83.000 29667.195 0.035 0.853 0.000 
Task * Cond 1.746 458633.112 144.939 4795.696 95.634 0.001 0.535 
Age * Task * Cond 1.746 34534.056 144.939 4795.696 7.201 0.002 0.080 
Span * Task * Cond 1.746 9851.980 144.939 4795.696 2.054 0.138 0.024 
Age * Span * Task * Cond 1.746 2337.100 144.939 4795.696 0.487 0.590 0.006 
Note. 1 Sphericity tests revealed significant results for the Condition effect, W(5)=0.282, p<.001, and for the Task*Condition interaction, W(5)=.274, 
p<.001; Thus, results of the within-subject effects are displayed with a Greenhouse-Geisser correction, Condition: ε=.570 ,Task*Condition: ε=.582 
2 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples did significantly differ only in Naming 
incongruents, F(3,83)=3.147, p=.029 and in Naming neutral words F(3,83)=3.644, p=.016. In all other conditions, variances did not significantly 
differ: Reading congruents, F(3,83)=0.677, p=.569, Reading incongruents, F(3,83)=0.691, p=.560, Reading neutral: F(3,83)=0.783, p=.507, 
Reading whithe words: F(3,83)=0.622, p=.603, Naming congruent: F(3,83)=1.926, p=.132 and Naming patches: F(3,83)=1.002, p=.396.  
 
Table A.71. Response times (ms) in the subsample by Age group, Span level, Task and Condition in 
the Color Stroop: Analysis of variance1,2. 






Error F p 
partial 
η2 
Age 1.000 1215485.837 41.000 51534.512 23.586 0.001 0.365 
Span 1.000 375.009 41.000 51534.512 0.007 0.932 0.000 
Age * Span 1.000 23622.200 41.000 51534.512 0.458 0.502 0.011 
Condition 2.597 226188.895 106.492 1432.790 157.866 0.001 0.794 
Age * Cond 2.597 19448.236 106.492 1432.790 13.574 0.001 0.249 
Span * Cond 2.597 2536.807 106.492 1432.790 1.771 0.165 0.041 
Age * Span * Cond 2.597 2461.825 106.492 1432.790 1.718 0.175 0.040 
Task 1.000 4770625.237 41.000 12840.293 371.536 0.001 0.901 
Age * Task 1.000 154667.746 41.000 12840.293 12.045 0.001 0.227 
Span * Task  1.000 2946.409 41.000 12840.293 0.229 0.634 0.006 
Age * Span * Task  1.000 18070.700 41.000 12840.293 1.407 0.242 0.033 
Task * Cond 2.341 226861.437 95.970 1468.061 154.531 0.001 0.790 
Age * Task * Cond 2.341 21084.259 95.970 1468.061 14.362 0.001 0.259 
Span * Task * Cond 2.341 1762.382 95.970 1468.061 1.200 0.310 0.028 
Age * Span * Task * Cond 2.341 2652.161 95.970 1468.061 1.807 0.163 0.042 
Note. 1 Sphericity tests revealed non significant results for the Condition effect, W(5)=0.762, p=.056, but significant results for the Task*Condition 
interaction, W(5)=.571, p<.001; Thus, results of the within-subjects effects are displayed with a Greenhouse-Geisser correction, Condition: ε=.866, 
Task*Condition: ε=.780. 2 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples were 
significant only in Naming congruent: F(3,41)=2.853, p=.049, Naming incongruents, F(3,41)=4.704, p=.007. In all other conditions, results 
indicated that the differences were not significant: Reading congruent: F(3,41)=0.589, p=.626, Reading incongruent: F(3,41)=2.330.670, p=.576, 
Reading neutral: F(3,41)=0.298, p=.826, Reading white words: F(3,41)=0.411, p=.746, Naming neutral words F(3,41)=2.368, p=.085 and Naming 
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Table A.74. Reading task, response times: Approximate probabilities for 
post-hoc Tukey HSD test for the Condition effect (study sample) 
   {1} {2} {3} {4} 
   522 524 547 523 
Congruents {1}  0.725 0.001 0.970 
Incongruents {2} 0.725  0.001 0.934 
Neutral words {3} 0.001 0.001  0.001 
White words {4} 0.970 0.934 0.001  
Note. MS = 222.70, df = 249.00 
 
Table A.75. Reading task, response times: Approximate probabilities for post-hoc comparisons (Tukey 
HSD test) for the Age*Condition interaction (study sample) 
   {1} {2} {3} {4} {5} {6} {7} {8} 
   472 477 489 477 542 543 570 542 
Younger Cong. {1}  0.946 0.002 0.951 0.504 0.004 0.001 0.005 
Younger Incong. {2} 0.946  0.087 1.000 0.011 0.570 0.001 0.012 
Younger Neutral {3} 0.002 0.087  0.083 0.074 0.061 0.310 0.079 
Younger White {4} 0.951 1.000 0.083  0.011 0.009 0.001 0.604 
Older Cong. {5} 0.504 0.011 0.074 0.011  1.000 0.001 1.000 
Older Incong. {6} 0.004 0.570 0.061 0.009 1.000  0.001 0.997 
Older Neutral {7} 0.001 0.001 0.310 0.001 0.001 0.001  0.001 
Older White {8} 0.005 0.012 0.079 0.604 1.000 0.997 0.001  
Note. MS = 5737.2, df = 88.026 
 
Table A.76. Word reading times (ms) in the sub-sample by Age group, Span level and Condition in 
Color Stroop task: Analysis of variance1,2. 






Error F p 
partial 
η2 
Age 1 251491.212 41 20471.907 12.285 0.001 0.231 
Span 1 2711.867 41 20471.907 0.132 0.718 0.003 
Condition 3 5348.070 123 171.317 31.217 0.000 0.432 
Age* Span 1 41507.276 41 20471.907 2.028 0.162 0.047 
Age * Condition 3 931.994 123 171.317 5.440 0.002 0.117 
Span * Condition 3 274.236 123 171.317 1.601 0.193 0.038 
Age * Span * Cond.  3 23.597 123 171.317 0.138 0.937 0.003 
Note. 1 The results are reported without a Greenhouse-Geisser correction (ε=.843), given that similar results were obtained with and without 
correction. 2 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples did not significantly differ in 
all four conditions: congruent items, F(3,41)=0.589, p=.626; incongruent items, F(3,41)=2.330.670, p=.576; neutral words, F(3,41)=0.298, p=.826, 
white word, F(3,41)=0.411, p=.746. 
 
 
Table A.77. Reading task, response times: Approximate probabilities for 
post-hoc Tukey HSD test for the Condition effect (sub- sample) 
   {1} {2} {3} {4} 
   508 510 530 508 
Congruents {1}  0.575 0.001 0.943 
Incongruents {2} 0.575  0.001 0.890 
Neutral Words {3} 0.001 0.001  0.001 
White Words {4} 0.943 0.890 0.001  
Note. MS = 171.32, df = 123.00 
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Table A.78. Reading task, response times: Approximate probabilities for post-hoc comparisons (Tukey 
HSD test) for the Age*Condition interaction (sub-sample) 
   {1} {2} {3} {4} {5} {6} {7} {8} 
   472 477 489 477 550 551 580 547 
Younger Cong. {1}  0.896 0.001 0.904 0.623 0.015 0.001 0.026 
Younger Incong. {2} 0.896  0.027 1.000 0.034 0.667 0.001 0.046 
Younger Neutral {3} 0.001 0.027  0.025 0.126 0.104 0.418 0.159 
Younger White {4} 0.904 1.000 0.025  0.034 0.027 0.001 0.728 
Older Cong. {5} 0.623 0.034 0.126 0.034  1.000 0.001 0.999 
Older Incong. {6} 0.015 0.667 0.104 0.027 1.000  0.001 0.966 
Older Neutral {7} 0.001 0.001 0.418 0.001 0.001 0.001  0.001 
Older White {8} 0.026 0.046 0.159 0.728 0.999 0.966 0.001  




Table A.79. Naming task, response times: Approximate probabilities for 
post-hoc Tukey HSD test for the Condition effect (study sample) 
   {1} {2} {3} {4} 
   720 913 809 689 
Congruents {1}  0.001 0.001 0.033 
Incongruents {2} 0.001  0.001 0.001 
Neutral words {3} 0.001 0.001  0.001 
White words {4} 0.033 0.001 0.001  




Table A.80. Naming task, response times: Approximate probabilities for post-hoc comparisons (Tukey 
HSD test) for the Age*Condition interaction (study sample) 
   {1} {2} {3} {4} {5} {6} {7} {8} 
           
Younger Cong. {1}  0.001 0.041 0.992 0.530 0.001 0.001 0.188 
Younger Incong. {2} 0.001  0.038 0.001 1.000 0.033 0.139 0.972 
Younger Neutral {3} 0.041 0.038  0.002 0.651 0.001 0.229 0.994 
Younger White {4} 0.992 0.001 0.002  0.003 0.001 0.001 0.713 
Older Cong. {5} 0.530 1.000 0.651 0.003  0.001 0.001 0.123 
Older Incong. {6} 0.001 0.033 0.001 0.001 0.001  0.001 0.001 
Older Neutral {7} 0.001 0.139 0.229 0.001 0.001 0.001  0.001 
Older White {8} 0.188 0.972 0.994 0.713 0.123 0.001 0.001  










Table A.81. Color naming times (ms) in the sub-sample by Age group, Span level and Condition in 
Color Stroop task: Analysis of variance1,2. 






Error F P 
partial 
η2 
Age 1 1118662.37 41 43902.898 25.480 0.000 0.383 
Span 1 609.55 41 43902.898 0.014 0.907 0.000 
Condition 3 367489.55 123 2214.614 165.938 0.000 0.802 
Age * Span 1 185.63 41 43902.898 0.004 0.948 0.000 
Age * Condition 3 32356.81 123 2214.614 14.611 0.000 0.263 
Span * Condition 3 3297.18 123 2214.614 1.489 0.221 0.035 
Age * Span * Cond.  3 4177.14 123 2214.614 1.886 0.135 0.044 
Note. 1 The results are reported without a Greenhouse-Geisser correction (ε=.795), given that similar results were obtained with and without 
correction. 2 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples did significantly differ for 
congruent items, F(3,41)=2.853, p=.049, and for incongruents items, F(3,41)=4.704, p=.007. This was not the case for neutral words 





Table A.82. Naming task, response times: Approximate probabilities for 
post-hoc Tukey HSD test for the Condition effect (sub-sample) 
   {1} {2} {3} {4} 
   692 863 760 670 
Congruents {1}  0.001 0.001 0.006 
Incongruents {2} 0.001  0.001 0.001 
Neutral words {3} 0.001 0.001  0.001 
White words {4} 0.006 0.001 0.001  




Table A.83. Naming task, response times: Approximate probabilities for post-hoc comparisons (Tukey 
HSD test) for the Age*Condition interaction (sub-sample) 
   {1} {2} {3} {4} {5} {6} {7} {8} 
   628 758 693 611 772 994 845 721 
Younger Cong. {1}  0.001 0.001 0.899 0.320 0.001 0.001 0.125 
Younger Incong. {2} 0.001  0.001 0.001 1.000 0.012 0.189 0.957 
Younger Neutral {3} 0.001 0.001  0.001 0.281 0.001 0.259 0.989 
Younger White {4} 0.899 0.001 0.001  0.001 0.001 0.001 0.648 
Older Cong. {5} 0.320 1.000 0.281 0.001  0.001 0.001 0.014 
Older Incong. {6} 0.001 0.012 0.001 0.001 0.001  0.001 0.001 
Older Neutral {7} 0.001 0.189 0.259 0.001 0.001 0.001  0.001 
Older White {8} 0.125 0.957 0.989 0.648 0.014 0.001 0.001  
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Table A.84. Percentage of intrusions in the Color Stroop Naming task by 
Condition, Age group and Span level: Descriptive statistics  
  
  
N MD M sd min max skew kurt 
Congruents 
 Younger - High 10 0.00 1.11 1.43 0.00 2.78 0.484 -2.277 
 Younger - Low 15 0.00 1.30 1.43 0.00 2.78 0.149 -2.308 
 Older - High 31 0.00 1.43 2.25 0.00 8.33 1.547 1.792 
 Older - Low 31 2.78 2.24 2.99 0.00 11.11 1.778 3.332 
 Older - High 10 0.00 0.83 1.87 0.00 5.56 2.277 4.765 
 Older - Low 10 0.00 2.22 3.66 0.00 11.11 1.913 3.607 
Incongruents 
 Younger - High 10 1.39 1.67 1.94 0.00 5.56 0.780 -0.146 
 Younger - Low 15 2.78 2.41 2.32 0.00 5.56 0.274 -1.499 
 Older - High 31 0.00 1.97 2.80 0.00 11.11 1.686 2.923 
 Older - Low 31 0.00 1.79 2.54 0.00 8.33 1.355 1.031 
 Older - High 10 2.78 1.94 1.87 0.00 5.56 0.434 -0.283 
 Older - Low 10 1.39 1.94 2.29 0.00 5.56 0.687 -1.043 
Neutral Words 
 Younger - High 10 - - - - - - - 
 Younger - Low 15 0.00 0.42 1.10 0.00 3.13 2.405 4.349 
 Older - High 31 0.00 0.40 1.06 0.00 3.13 2.327 3.648 
 Older - Low 31 0.00 1.92 2.38 0.00 9.38 1.292 1.834 
 Older - High 10 0.00 0.63 1.32 0.00 3.13 1.779 1.406 
 Older - Low 10 0.00 1.56 2.21 0.00 6.25 1.179 0.571 
Patches 
 Younger - High 10 0.00 0.83 1.34 0.00 2.78 1.035 -1.224 
 Younger - Low 15 0.00 1.11 1.76 0.00 5.56 1.407 1.264 
 Older - High 31 0.00 1.34 1.58 0.00 5.56 0.644 -0.569 
 Older - Low 31 0.00 1.79 2.22 0.00 8.33 1.173 1.077 
 Older - High 10 1.39 1.39 1.46 0.00 2.78 0.000 -2.571 
 Older - Low 10 0.00 1.94 2.94 0.00 8.33 1.444 1.258 
Note. MD = median; M = mean; skew = Skewness; kurt = Kurtosis.  
 
Table A.85. Percentage of intrusions in the sub-sample by Age group, Span level and Condition in 
Color Naming  Stroop task: Analysis of variance1,2. 






Error F p 
partial 
η2 
Age 1 8.95 41 8.233 1.087 0.303 0.026 
Span 1 13.82 41 8.233 1.679 0.202 0.039 
Condition 3 13.08 123 2.298 5.690 0.001 0.122 
Age * Span 1 1.09 41 8.233 0.132 0.718 0.003 
Age * Condition 3 2.03 123 2.298 0.885 0.451 0.021 
Span * Condition 3 0.44 123 2.298 0.193 0.901 0.005 
Age * Span * Cond.  3 1.77 123 2.298 0.771 0.513 0.018 
Note. 1 The results are reported without a Greenhouse-Geisser correction (ε=.848), given that similar results were obtained with and without 
correction. 2 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples did not significantly differ 
only ; incongruent items, F(3,41)=3.393, p=.759. In all three other conditions, the variances were significantly different: all four conditions: 
congruent items, F(3,41)=2.865, p=.048; neutral words, F(3,41)=10.554, p<.001, white word, F(3,41)=2.987, p=.043. 
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Table A.86. Naming task, percentage of intrusions: Approximate 
probabilities for post-hoc Tukey HSD test for the Condition effect 
(sub.sample) 
   {1} {2} {3} {4} 
   1.36 2.04 0.63 1.30 
Congruents {1}  0.145 0.099 0.997 
Incongruents {2} 0.145  0.001 0.094 
Neutral words {3} 0.099 0.001  0.153 
Patches {4} 0.997 0.094 0.153  






Table A.87. Split-half reliability coefficients for the interference indices (relative difference) in Color Stroop 
task by Age, Span level, and for the entire study sample. 






Study sample (N=87)            
Reading - Interference I (w/white) 0.008 -0.001 0.040 0.041 -0.107 -0.118 0.152 0.090 -.005 † † 
Naming - Interference I (w/patch) 0.302 0.333 0.158 0.196 0.086 0.026 0.848 1.642 .517 .681 .671 
Younger High Span (N=10)            
Reading - Interference I (w/white) 0.006 -0.022 0.049 0.043 -0.078 -0.087 0.074 0.031 -.249 † † 
Naming - Interference I (w/patch) 0.210 0.246 0.084 0.084 0.095 0.126 0.321 0.346 .311 .474 .474 
Younger Low Span (N=15)            
Reading - Interference I (w/white) 0.012 -0.007 0.035 0.041 -0.045 -0.118 0.093 0.057 .410 .582 .577 
Naming - Interference I (w/patch) 0.248 0.285 0.168 0.152 0.086 0.076 0.646 0.582 .497 .664 .662 
Older High Span (N=31)            
Reading - Interference I (w/white) 0.004 -0.004 0.040 0.038 -0.107 -0.090 0.071 0.067 -.072 † † 
Naming - Interference I (w/patch) 0.307 0.352 0.123 0.121 0.120 0.066 0.594 0.595 .414 .586 .586 
Older Low Span (N=31)            
Reading - Interference I (w/white) 0.011 0.012 0.042 0.041 -0.089 -0.068 0.152 0.090 -.053 † † 
Naming - Interference I (w/patch) 0.353 0.366 0.184 0.278 0.140 0.026 0.848 1.642 .533 .695 .658 
Note. † The correlation between forms (halves) of the test was negative. Statistics were not reported. 
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Table A.88. Split-half reliability coefficients for the facilitation indices (relative difference) in Color Stroop 
task by Age group, Span level and for the entire study sample. 






Study sample (N=87)            
Reading - Facilitation I (w/white) -0.002 0.003 0.039 0.045 -0.080 -0.138 0.084 0.093 .803 .309 .306 
Naming - Facilitation I (w/patch) -0.024 -0.066 0.116 0.110 -0.530 -0.456 0.207 0.125 .644 .784 .783 
Younger High Span (N=10)            
Reading - Facilitation I (w/white) -0.008 0.007 0.041 0.040 -0.071 -0.049 0.041 0.079 .189 .319 .319 
Naming - Facilitation I (w/patch) -0.055 -0.097 0.071 0.085 -0.155 -0.236 0.074 0.047 .579 .733 .726 
Younger Low Span (N=15)            
Reading - Facilitation I (w/white) 0.005 0.011 0.031 0.044 -0.042 -0.079 0.066 0.070 .198 .330 .315 
Naming - Facilitation I (w/patch) 0.008 -0.026 0.090 0.088 -0.127 -0.177 0.131 0.125 .540 .702 .702 
Older High Span (N=31)            
Reading - Facilitation I (w/white) -0.004 0.005 0.040 0.037 -0.080 -0.064 0.084 0.081 .367 .537 .536 
Naming - Facilitation I (w/patch) -0.043 -0.098 0.116 0.123 -0.324 -0.456 0.149 0.089 .665 .799 .798 
Older Low Span (N=31)            
Reading - Facilitation I (w/white) -0.001 -0.005 0.041 0.054 -0.077 -0.138 0.076 0.093 .061 .116 .112 
Naming - Facilitation I (w/patch) -0.011 -0.043 0.135 0.104 -0.530 -0.301 0.207 0.101 .639 .780 .764 
Note. † The correlation between forms (halves) of the test was negative. Statistics were not reported. 
 
 
Table A.89. Interference indices by Task, Age group and Span level in the 
Color Stroop: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Reading task (w/white) 
 Younger - High 10 -0.008 -0.005 0.030 -0.046 0.044 0.258 -1.261 
 Younger - Low 15 0.015 0.007 0.038 -0.074 0.072 -0.429 -0.043 
 Older - High 31 -0.001 -0.001 0.029 -0.089 0.044 -1.106 2.024 
 Older – Low  31 0.008 0.009 0.032 -0.040 0.102 0.598 1.014 
 Older - High 10 -0.001 0.002 0.017 -0.029 0.024 -0.368 -0.086 
 Older – Low  10 0.016 0.014 0.027 -0.039 0.050 -0.616 0.503 
Naming task (w/patch) 
 Younger - High 10 0.227 0.224 0.076 0.106 0.353 0.025 -0.570 
 Younger - Low 15 0.200 0.263 0.152 0.121 0.595 1.376 0.870 
 Older - High 31 0.340 0.335 0.117 0.180 0.545 0.265 -1.177 
 Older – Low  31 0.294 0.352 0.185 0.148 0.992 1.892 4.159 
 Older - High 10 0.469 0.426 0.123 0.180 0.545 -1.160 0.452 
 Older – Low  10 0.319 0.325 0.082 0.190 0.464 0.031 -0.444 








Table A.90. Facilitation indices by Task, Age group and Span level in the Color 
Stroop: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Reading task (w/white) 
 Younger - High 10 -0.001 -0.003 0.036 -0.071 0.070 0.201 2.485 
 Younger - Low 15 0.000 -0.011 0.030 -0.075 0.030 -0.720 -0.290 
 Older - High 31 0.003 0.000 0.031 -0.064 0.076 -0.040 0.569 
 Older – Low  31 -0.001 0.003 0.033 -0.062 0.087 0.467 0.244 
 Older - High 10 0.006 0.009 0.030 -0.024 0.076 1.319 2.280 
 Older – Low  10 -0.006 0.001 0.033 -0.043 0.055 0.366 -0.888 
Naming task (w/patch) 
 Younger - High 10 0.077 0.069 0.074 -0.103 0.154 -1.403 2.811 
 Younger - Low 15 0.007 0.004 0.078 -0.126 0.146 0.174 -0.523 
 Older - High 31 0.044 0.074 0.111 -0.094 0.403 0.946 1.281 
 Older – Low  31 0.022 0.027 0.102 -0.129 0.380 1.361 3.800 
 Older - High 10 0.073 0.102 0.115 -0.090 0.253 -0.037 -1.036 
 Older – Low  10 0.020 0.037 0.094 -0.085 0.206 0.436 -0.748 
Note. MD = median; M = mean; skew = Skewness; kurt = Kurtosis. 
 
 
Table A.91. Color Stroop Naming task: Interference score as a function of Age group and Span level: 
Analysis of variance1. (sub-sample) 






Error F p 
partial 
η2 
Age 1 0.1906 41 0.014 13.691 0.001 0.250 
Span 1 0.0105 41 0.014 0.757 0.389 0.018 
Age * Span  1 0.0539 41 0.014 3.874 0.056 0.086 
Note. 1 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples were not significantly different 
with: F(3,41)=1.846, p=.154.  
 
Table A.92. Color Stroop Naming task: Facilitation score as a function of Age group and Span level: 
Analysis of variance 1 (sub-sample) 






Error F p 
partial 
η2 
Age 1 0.0118 41 0.008 1.451 0.235 0.034 
Span 1 0.0459 41 0.008 5.651 0.022 0.121 
Age * Span  1 0.0000 41 0.008 0.000 0.987 0.000 
Note. 1 Results of Levene’s test of homogeneity of variance indicated that the variances observed in the samples were not significantly different 
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A1.4. ADDITONAL ANALYSES OF COVARIANCE 
Two regression models were used. The first one, Model 1, was applied to the tasks for which the 
dependant variable held a single modality, while the second one, Model 2, was applied to the tasks for 
which the dependant variable held two modalities qualifying the task demand. In both models, the 
values entered to define the Age group were 0 for the younger and 1 for the older, so to qualify the 
younger group as the reference one. In the second model, the task demand was coded 0 for the lower 
demanding condition and 1 for the higher demanding one. Thus, the lower demanding condition 
served as a reference. Finally, and as reminder, the working memory score was a standardized value 
holding an average of 0 across all individuals. 
 
( ) residualAgeWMAgeWMPERFModel +×+++= 3210:1 ββββ  
 
with  The regression line for the younger 
residualWMPYounger ++= 10 ββ   
 
The regression line for the older 


















with  The regression line for the younger, in the lower demanding condition 
WMPERF 10 ββ +=    
 
The regression line for the younger, in the higher demanding condition 
WMPERF )()( 5130 ββββ +++=   
 
The regression line for the older, in the lower demanding condition 
WMPERF )()( 4120 ββββ +++=   
 
The regression line for the older, , in the higher demanding condition 
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A1.4.1. PAPER AND PENCIL TEST 
 
Table A.93. Estimates and Type III tests of fixed effects for the lists correctly recalled in the Paper and Pencil Test 
 Estimates of Fixed Effects  Type III Tests of Fixed Effects 
 95% C.I.  df 
 
Estimate Std. Err. df t 
upper lower  Num. Den. 
F Sig. 
Intercept β0 0.879 0.026 227.24 33.587 0.828 0.931  1 227.24 1128.065 < 0.001 
WM (continuous) β1 -0.034 0.033 227.24 -1.033 -0.098 0.031  1 227.24 1.066 0.303 
Age Group 1 β2 -0.002 0.034 227.24 -0.071 -0.069 0.064  1 227.24 0.005 0.943 
Condition 2 β3 -0.036 0.021 164.00 -1.691 -0.078 0.006  1 164.00 2.859 0.093 
Age x WM β4 0.027 0.041 227.24 0.672 -0.053 0.107  1 227.24 0.451 0.502 
WM x Cond. β5 0.004 0.027 164.00 0.148 -0.049 0.056  1 164.00 0.022 0.883 
Age x Cond. β6 -0.014 0.028 164.00 -0.505 -0.068 0.041  1 164.00 0.255 0.614 
WM x Age x Cond. β7 -0.010 0.033 164.00 -0.305 -0.076 0.055  1 164.00 0.093 0.761 





y = -0.034x + 0.879
R2 = 0.019
Younger-Dual
y = -0.030x + 0.843
R2 = 0.015
Older-Single
y = -0.006x + 0.877
R2 = 0.001
Older-Dual








































Figure A.41. Scatter plots of the proportion of lists correctly recalled the Paper and Pencil Test as a function 










Table A.94. Estimates and Type III tests of fixed effects for the crosses drawn in the Paper and Pencil Test 
 Estimates of Fixed Effects  Type III Tests of Fixed Effects 
 95% C.I.  df 
 
Estimate Std. Err. df t upper lower  Num. Den. 
F Sig. 
Intercept β0 188.129 4.146 204.52 45.379 179.955 196.303  1 204.52 2059.260 < 0.001 
WM (continuous) β1 5.175 5.152 204.52 1.004 -4.982 15.332  1 204.52 1.009 0.316 
Age Group 1 β2 -52.378 5.349 204.52 -9.792 -62.925 -41.832  1 204.52 95.881 < 0.001 
Condition 2 β3 -3.009 2.769 164.00 -1.087 -8.475 2.458  1 164.00 1.181 0.279 
Age x WM β4 4.154 6.427 204.52 0.646 -8.518 16.827  1 204.52 0.418 0.519 
WM x Cond. β5 -4.765 3.440 164.00 -1.385 -11.558 2.028  1 164.00 1.918 0.168 
Age x Cond. β6 -6.198 3.572 164.00 -1.735 -13.252 0.855  1 164.00 3.011 0.085 
WM x Age x Cond. β7 5.726 4.292 164.00 1.334 -2.749 14.202  1 164.00 1.780 0.184 





y = 5.179x + 188.13
R2 = 0.017
Younger-Dual
y = 0.418x + 185.12
R2 = 0.000
Older-Single
y = 9.320x + 135.74
R2 = 0.059
Older-Dual

































Figure A.42. Scatter plots of number of crosses drawn in the Paper and Pencil Test as a function of 









A1.4.2. CONTINUOUS MONITORING TASK 
 
Table A.95. Estimates and Type III tests of fixed effects for the size adjustment time in the CMT 
 Estimates of Fixed Effects  Type III Tests of Fixed Effects 
 95% C.I.  df 
 
Estimate Std. Err. df t upper lower  Num. Den. 
F Sig. 
Intercept β0 855.71 58.629 204.75 14.595 740.11 971.30  1 204.75 213.025 < 0.001 
WM (continuous) β1 6.19 72.825 204.75 0.085 -137.40 149.77  1 204.75 0.007 0.932 
Age Group 1 β2 352.41 77.222 204.75 4.564 200.16 504.66  1 204.75 20.827 < 0.001 
Condition 2 β3 358.03 48.332 147.00 7.408 262.52 453.55  1 147.00 54.875 < 0.001 
Age x WM β4 -245.51 93.477 204.75 -2.626 -429.81 -61.21  1 204.75 6.898 0.009 
WM x Cond. β5 -19.28 60.036 147.00 -0.321 -137.93 99.36  1 147.00 0.103 0.749 
Age x Cond. β6 319.22 63.660 147.00 5.014 193.41 445.02  1 147.00 25.144 < 0.001 
WM x Age x Cond. β7 -78.54 77.060 147.00 -1.019 -230.82 73.75  1 147.00 1.039 0.310 





y = 6.19x + 856
R2 = 0.001
Younger-Dual
y = -13.10x + 1214
R2 = 0.002
Older-Single
y = -239.32x + 1208
R2 = 0.189
Older-Dual


































Figure A.43. Scatter plots of the size adjustment time in the CMT as a function of working memory 













Table A.96. Estimates and Type III tests of fixed effects for the brightness adjustment time in the CMT 
 Estimates of Fixed Effects  Type III Tests of Fixed Effects 
 95% C.I.  df 
 
Estimate Std. Err. df t upper lower  Num. Den. 
F Sig. 
Intercept β0 1310.58 81.727 171.85 16.036 1149.26 1471.90  1 171.85 257.159 < 0.001 
WM (continuous) β1 -49.53 101.516 171.85 -0.488 -249.91 150.84  1 171.85 0.238 0.626 
Age Group 1 β2 680.35 107.644 171.85 6.320 467.87 892.82  1 171.85 39.947 < 0.001 
Condition 2 β3 676.97 45.782 147.00 14.787 586.50 767.45  1 147.00 218.654 < 0.001 
Age x WM β4 -349.36 130.303 171.85 -2.681 -606.56 -92.16  1 171.85 7.188 0.008 
WM x Cond. β5 -3.72 56.867 147.00 -0.065 -116.10 108.67  1 147.00 0.004 0.948 
Age x Cond. β6 412.34 60.300 147.00 6.838 293.17 531.51  1 147.00 46.759 < 0.001 
WM x Age x Cond. β7 32.51 72.994 147.00 0.445 -111.74 176.76  1 147.00 0.198 0.657 





y = -49.53x + 1311
R2 = 0.031
Younger-Dual
y = -53.25x + 1988
R2 = 0.015
Older-Single
y = -398.89x + 1991
R2 = 0.154
Older-Dual




































Figure A.44. Scatter plots of the brightness adjustment time in the CMT as a function of working 








A1.4.3. DIGIT SPAN 
 
Table A.97. Estimates and Type III tests of fixed effects for the Digit Span 
 Estimates of Fixed Effects  Type III Tests of Fixed Effects 
 95% C.I.  df 
 
Estimate Std. Err. df t 
upper lower  Num. Den. 
F Sig. 
Intercept β0 5.896 0.161 287.208 36.703 5.580 6.212  1 287.21 1347.092 < 0.000 
WM (continuous) β1 0.987 0.201 287.208 4.899 0.591 1.384  1 287.21 24.004 < 0.000 
Age Group 1 β2 -0.171 0.207 287.208 -0.823 -0.578 0.237  1 287.21 0.678 0.411 
Condition 2 β3 -0.511 0.182 162.000 -2.808 -0.871 -0.152  1 162.00 7.887 0.006 
Age x WM β4 -0.005 0.250 287.208 -0.021 -0.498 0.487  1 287.21 0.000 0.983 
WM x Cond. β5 -0.427 0.228 162.000 -1.871 -0.878 0.024  1 162.00 3.502 0.063 
Age x Cond. β6 -0.507 0.235 162.000 -2.159 -0.970 -0.043  1 162.00 4.661 0.032 
WM x Age x Cond. β7 0.290 0.284 162.000 1.023 -0.270 0.851  1 162.00 1.047 0.308 





y = 0.987x + 5.896
R2 = 0.282
Younger-Dual
y = 0.560x + 5.385
R2 = 0.070
Older-Single
y = 0.982x + 5.725
R2 = 0.369
Older-Dual



























Figure A.45. Scatter plots of the Digit Span as a function of working memory scores, by Age group 








A1.4.4. CORSI BLOCKS 
 
Table A.98. Estimates and Type III tests of fixed effects for the Span at the Corsi Blocks 
 Estimates of Fixed Effects  Type III Tests of Fixed Effects 
 95% C.I.  df 
 
Estimate Std. Err. df t 
upper lower  Num. Den. 
F Sig. 
Intercept β0 5.859 0.112 296.33 52.517 5.640 6.079  1 296.33 2758.068 < 0.001 
WM (continuous) β1 0.508 0.140 296.33 3.632 0.233 0.784  1 296.33 13.192 < 0.001 
Age Group 1 β2 -0.792 0.144 296.33 -5.509 -1.076 -0.509  1 296.33 30.353 < 0.001 
Condition 2 β3 -0.534 0.131 162.00 -4.063 -0.794 -0.275  1 162.00 16.511 < 0.001 
Age x WM β4 -0.238 0.174 296.33 -1.368 -0.580 0.104  1 296.33 1.872 0.172 
WM x Cond. β5 -0.031 0.165 162.00 -0.189 -0.357 0.294  1 162.00 0.036 0.850 
Age x Cond. β6 0.330 0.170 162.00 1.948 -0.004 0.665  1 162.00 3.796 0.053 
WM x Age x Cond. β7 0.179 0.205 162.00 0.872 -0.226 0.583  1 162.00 0.761 0.384 





y = 0.508x + 5.859
R2 = 0.151
Younger-Dual
y = 0.477x + 5.325
R2 = 0.147
Older-Single
y = 0.270x + 5.067
R2 = 0.069
Older-Dual































Figure A.46. Scatter plots of the Span at the Corsi Blocks as a function of working memory scores, by 








A1.4.5. LONG-TERM MEMORY 
 
Table A.99. Regression coefficients for the analysis of the number of items correctly recalled 
in the free recall task 




  B Std. Err.  Beta  
t Sig. 
(Constant) β0 17.209 0.708    24.316 <0.001 
WM (continuous) β1 0.776 0.887  0.101  0.875 0.383 
Age Group (Y=0; O=1) β2 -6.927 0.919  -0.534  -7.540 <0.001 





y = 0.776x + 17.209
R2 = 0.011
Older







































Figure A.47. Scatter plots of the number of elements correctly recalled in the delayed free recall task 














Table A.100. Regression coefficients for the analysis of the number of items correctly 
recalled in the source recall task 




  B Std. Err.  Beta  
t Sig. 
(Constant) β0 9.158 0.384    23.858 <0.001 
WM (continuous) β1 0.313 0.481  0.072  0.650 0.516 
Age Group (Y=0; O=1) β2 -4.434 0.498  -0.599  -8.898 <0.001 





y = 0.313x + 9.158
R2 = 0.005
Older







































Figure A.48. Scatter plots of the number of elements correctly recalled in the source recall task as a 















Table A.101. Regression coefficients for the analysis of the the d-prime recognition score 




  B Std. Err.  Beta  
t Sig. 
(Constant) β0 2.634 0.120    22.039 <0.001 
WM (continuous) β1 0.157 0.150  0.132  1.046 0.297 
Age Group (Y=0; O=1) β2 -0.791 0.155  -0.395  -5.101 <0.001 





y = 0.157x + 2.634
R2 = 0.014
Older



























Figure A.49. Scatter plots of the d-prime recognition score as a function of working memory scores, 












A1.4.6. PROCESSING SPEED 
 
Table A.102. Regression coefficients for the analysis of the Target Detection Times in the 
GFT 




  B Std. Err.  Beta  
t Sig. 
(Constant) β0 0.357 0.014    26.164 < 0.001 
WM (continuous) β1 -0.005 0.017  -0.036  -0.274 0.785 
Age Group (Y=0; O=1) β2 0.108 0.017  0.488  6.212 < 0.001 




y = -0.005x + 0.357
R2 = 0.004
Older





























Figure A.50. Scatter plots of the target detection times in the GFT as a function of working memory 












A1.4.7. RESISTANCE TO INTERFERENCE 
 
Table A.103. Regression coefficients for the analysis of the interference score in the Color 
Stroop Naming Task 




  B Std. Err.  Beta  
t Sig. 
(Constant) β0 0.268 0.029    9.260 < 0.001 
WM (continuous) β1 -0.019 0.046  -0.101  -0.410 0.683 
Age Group (Y=0; O=1) β2 0.049 0.034  0.149  1.464 0.146 





y = -0.019x + 0.268
R2 = 0.0059
Older

































Figure A.51. Scatter plots of the interference scores in the Color Stroop Naming Task as a function of 















Table A.104. Regression coefficients for the analysis of the facilitation score in the Color 
Stroop Naming Task 




  B Std. Err.  Beta  
t Sig. 
(Constant) β0 0.008 0.020    0.422 0.674 
WM (continuous) β1 0.056 0.031  0.442  1.817 0.072 
Age Group (Y=0; O=1) β2 0.055 0.023  0.243  2.408 0.017 




y = 0.056x + 0.008
R2 = 0.122
Older



























Figure A.52. Scatter plots of the facilitation scores in the Color Stroop Naming Task as a function of 









APPENDIX 2:  
BRAIN IMAGING STUDY OF AGE DIFFERENCE 






Brain Imaging Experiment: Introduction 
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Although not reported in the main text, a brain SPECT experiment was developed to pursue the initial 
goal defined for the present work, that is the study of age-related differences in the neurofunctional 
bases of executive functions. After the loss of the initial dataset of brain images, mainly caused by 
technical problems leading to cross-over contamination, a new protocol was set up and included 
several modifications, as compared to the initial one defined for the Magistretti et al. (1996-2001) 
study  on Alzheimer’s disease. The major changes affected the acquisition procedure and parameters, 
but the task under investigation was also modified and a verbal N-back task replaced the initial 
phonological verbal fluency one. This appendix reports the features of the experiment, points out the 
changes that were introduced in the brain SPECT acquisition procedure and reports preliminary 
findings on a small sample of younger and older adults56.  
 
A1.5. GOALS OF THE EXPERIMENT 
The experiment held two major goals. The first one was to assess the feasibility of brain imaging 
activation studies with 99mTc-HMPAO SPECT scintigraphy, using the newly developed acquisition 
protocol. The second was to investigate the age-related differences in the neurofunctional bases of 
working memory. 
 
With respect to the first goal, and by modifying the acquisition parameters, and particularly the ones 
affecting attenuation correction, we hoped to demonstrate that cross-over contamination could be 
avoided and that SPECT could provide images of brain metabolisms useful to investigate the 
neurofunctional bases of cognition. Such a goal was pursued by using a paradigm for which a large 
ensemble of converging results was available in the literature and reported for both water-labeled PET 
and fMRI on younger adult populations, namely the n-back paradigm. This paradigm has indeed 
become a gold standard in the neuro-imaging literature to study the brain areas engaged in working 
memory. It has been administered to younger adults allowing to uncover areas involved in rehearsal, 
maintenance and executive components of working memory for verbal, spatial and object contents (for 
a review, see E. E. Smith & Jonides, 1997; 1999). It has also been applied in various states, to assess 
the neurofunctional bases of reductions in working memory capacity. The n-back paradigm has been 
widely used with schizophrenic patients (e.g., Callicott et al., 2000; Callicott, Egan et al., 2003; 
Callicott, Mattay et al., 2003; Carter et al., 1998; Huguelet, Zanello, & Nicastro, 2000), but also in 
Parkinson’s disease (Costa et al., 2003), in multiple sclerosis (Lengenfelder, Chiaravalloti, Ricker, & 
DeLuca, 2003; Wishart et al., 2004), in depression (Barch, Sheline, Csernansky, & Snyder, 2003; 
Harvey et al., 2004; Monks et al., 2004), in Korsakoff syndrome (Brokate et al., 2003) and in 
substance abuse (Casbon, Curtin, Lang, & Patrick, 2003; Daumann, Fischerman, Heekeren, Thron, & 
Gouzoulis-Mayfrank, 2004; Hildebrandt, Brokate, Eling, & Lanz, 2004; llan, Smith, & Gevins, 2004). 
The n-back has also been applied to assess working memory in traumatic brain injury (Cicerone, 
2002; Perlstein et al., 2004; Scheibel et al., 2003) and brain damage consecutive to frontal (Ward, 
                                                 
56 At present, the experiment is still running and the data are being collected. The large-scale acquisition of brain images, and 
the complete analysis of the final dataset are part of a doctoral research conducted by Christian Chicherio under the direction of 
Anik de Ribaupierre, at the University of Geneva (Chicherio, in preparation).  
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2003), thalamic (Kubat-Silman, Dagenbach, & Absher, 2002) or parahippocampal (Epstein, DeYoe, 
Press, Rosen, & Kanwisher, 2001) lesions. Finally, several studies used the n-back paradigm to 
investigate developmental differences in working memory capacity, both in children (Vuontela et al., 
2003) and in aging adults (Reuter-Lorenz, 2002; Reuter-Lorenz et al., 2001). Thus, calling upon such 
a widely applied paradigm allowed a comparison between the results published in the literature and 
those obtained with the newly developed SPECT protocol. In other words, demonstrating convergent 
validity would confer suitable support to the use of SPECT to conduct activation studies.  
 
Provided that the first goal could be achieved, the second aim of the experiment was to investigate 
age-related differences in the neurofunctional bases of executive functions and working memory. 
There is growing evidence that aging is associated with neurofunctional changes in the brain areas, or 
the brain networks engaged in cognition (for a review, see Cabeza, 2001b, 2002; Grady, 1998, 2000; 
Reuter-Lorenz, 2002; Reuter-Lorenz et al., 1999). Most of the experiments initially focused on 
perceptive processes (e.g., Bennett, Sekuler, McIntosh, & Della-Maggiore, 2001; Grady, 1996; Grady 
et al., 1994; Madden et al., 1997; McIntosh et al., 1999) and encoding and recall from semantic and 
episodic memory (e.g., N. D. Anderson et al., 2000; Cabeza, Grady et al., 1997; Cabeza, McIntosh et 
al., 1997, see also Langley & Madden, 2000 for a review). More recently, several studies also 
questioned the age-related differences in the neurofunction bases of working memory (e.g., Grady et 
al., 1998; Hartley et al., 2001; Jonides et al., 2000; Reuter-Lorenz et al., 2000; Rypma, Berger et al., 
2001; Rypma & D'Esposito, 2000, see also Reuter-Lorenz et al., 2001 for a review). From this ever 
growing ensemble of brain imaging studies on cognitive aging, two general patterns of age-related 
functional modification have been highlighted. First, an age-related decrease in the lateralization of 
areas involved in a wide variety of tasks, especially the ones recruiting regions of the frontal lobes. As 
an example, the hemispheric asymmetry of episodic encoding and recall in younger adults (i.e. the 
HERA model, Nyberg et al., 1996; Tulving et al., 1994) does no longer hold in older populations, with 
older adults demonstrating more widespread, bilateralized activity for both processes. Another 
example is provided by studies in working memory which demonstrated content-specific prefrontal 
hemispheric lateralizations in younger adults, but bilateral recruitment of these areas in older adults 
(Reuter-Lorenz et al., 2001; Reuter-Lorenz et al., 1999). This age-related reduction of functional 
lateralization in brain areas has been labeled by Cabeza (2002) as the HAROLD model - the 
Hemispheric Asymmetry Reduction in OLDer adults. The second general pattern of age-related 
modifications in the functional bases of cognition is an antero-posterior differential recruitment of areas 
by older and younger adults. As an example, studies on encoding and recall from episodic memory 
have pointed out the fact that, at encoding, younger adults rely more upon posterior parieto-occipital 
regions than older adults. At retrieval, older adults engage more anterior frontal areas than younger 
ones (Cabeza, Grady et al., 1997). This overall pattern has been interpreted as an age-related failure 
to adequately encode the information, and a subsequent larger feedback requirement to recollect 
information. Another example is provided by studies on processes engaged in face perception which 
demonstrated an increased need for frontal feedback in older adults to monitor performance (Grady et 
al., 1994), although a similar ensemble of functional areas was reported for younger and older adults. 
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These two distinctive age-related features, the decrease in functional lateralization and the antero-
posterior dissociation, are currently discussed in the literature in terms of compensatory mechanisms, 
allowing older adults to face age-related brain structural and functional losses and help maintain, at 
least to a certain degree, adequate cognitive performance (Cabeza, 2002; Cabeza et al., 2002; 
Gazzaley & D'Esposito, 2003; Reuter-Lorenz et al., 1999). Provided these, the second aim of the 
experiment was to investigate the possible age-related reorganization of neurofunctional bases of 
working memory during aging, specifically addressing the issues of the age-related decrease in 




A1.6. METHOD AND PROCEDURE 
A1.6.1. POPULATION 
The population consisted in 12 younger adults (10 F, 2 M) and 13 older adults (9 F, 4M), all fluent in 
French, recruited by means of advertisements either put up in the university building, or published in 
local journals of the elderly community. Table A.105. provides the demographic characteristics of the 
population. 
 
Table A.105. Demographic variables in the initial population: Descriptive 
statistics by Age group 
  
  
N MD M sd min max skew kurt 
Younger         
 Age 12 26 26.42 2.57 23 31 0.326 -1.201 
 Years of education 12 20.5 20.08 1.98 17 24 0.287 -0.074 
 Health  12 2 1.98 0.43 1.50 2.75 0.785 -0.091 
Older         
 Age 13 71 71.69 3.68 67 78 0.608 -0.720 
 Years of education 12 13.5 13.33 1.92 10 16 -0.293 -1.218 
 Health  12 2 1.98 0.63 1.00 2.75 -0.048 -1.601 
Note. MD = median; M = meanskew = Skewness; kurt = Kurtosis. Note. Health index = Mean score on a health 
self rating scale with 4 questions on 5-points subscales (1=excellent, 5=poor) ; Visual acuity = Score in the visual 
acuity test of the GFT (Perrig et al., 1994). 
 
 
The two samples significantly differed in terms of education, t(22)=8.483, p<.001, with the younger 
adults demonstrating more years of formal education than older adults. However, the two age groups 
did not significantly differ on the health index, t(22)=0.000, p=1.0, revealing that both age groups rated 









A1.6.2.1. EXPERIMENTAL TASK 
As mentioned above, the paradigm used to investigate the neurofunctional bases of execitve functions 
was changed, with respect to the one initially chosen for the Magistretti et al. (1996-2001) Alzheimer 
study. The former phonological verbal fluency was discarded and replaced by a verbal N-back 
paradigm (e.g., Braver et al., 1997; adapted from S. Sternberg, 1966). Several reasons aknowledged 
this change. A first one concerned shortcomings associated with the verbal fluency task itself, 
originally preferred because it was well suited to investigate the issues related to brain alterations 
associated with pathological aging. Findings from the literature demonstrated that verbal fluency 
performance was sensitive to brain injury (see Henry & Crawford, 2004a for a meta-analysis) and to 
brain degeneration (see Henry & Crawford, 2004b; Henry, Crawford, & Phillips, 2004 for meta-
analyses in Parkinson's and Alzheimer's diseases). However, with regards to normal aging, the verbal 
fluency paradigm holds several major drawbacks. First, although performance is sensitive to major 
brain alteration, it is either not affected (e.g., Mathuranath et al., 2003) or only slightly (Tombaugh, 
Kozak, & Rees, 1999) by normal aging. Furthermore, performance in phonemic verbal fluency is 
affected by various demographic factors such as gender or educational level (e.g., Bolla, Lindgren, 
Bonaccorsy, & Bleecker, 1990) and varies with the duration allocated to retrieval (e.g., Rosen & Engle, 
1997). Moreover, performance relies on the efficiency of multiple processes such as lexical access, 
retrieval from long-term memory, activation and generation of relevant words and inhibition of 
irrelevant ones (e.g., Rosen & Engle, 1997), in addition to be determined by the use of strategies such 
as clustering or switching (Troyer, Moscovitch, & Winocur, 1997) that are loosely controlled by 
instructions and difficult to score (Abwender, Swan, Bowerman, & Connolly, 2001). Hence, although 
the task is meant to assess executive processes involved in selection, generation and monitoring of 
many different exemplars based on a given criteria (i.e. the initial letter), performance may well be 
determined by various other abilities that undoubtedly vary across individuals and/or rely on various 
brain structures. As a result, and turning to brain imaging issues, the use of such a multi-determined 
task may be associated with a large inter-individual variability in the areas engaged and in the 
functional networks underlying performance. More importantly with respect to the fact that most brain 
imaging analyses rely on the subtractive method, it is crucial for the baseline task to be precisely 
defined, and differ from the fluency task only by the processing component(s) of interest. As originally 
defined, the baseline task was a phoneme repetition one, simply consiting in continuously say /ba/ out 
loud. No need to say that this task differed from the fluency task by almost all aforementioned 
processes. As a result, the activation foci (if any, due to the variability) become particularly difficult to 
interpret.  
 
A1.6.2.1.1. ADVANTAGES OF THE N-BACK PARADIGM 
Given all these drawbacks, the tasks were discarded, and replaced by two condition of the verbal N-
back paradigm. These two conditions held the advantages of being more constrained in terms of the 
processes engaged and being easier to adapt to fulfill the subtractive method requirements. The two 
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conditions were 1) the 0-back condition, which served as baseline task and 2) the 2-back condition, 
wich served as the activation one. In the 0-back condition, participants are visually presented with 
series of letters, displayed one after the other at the center of the computer screen. The task consists 
in deciding, for each stimulus, whether it corresponds to a target stimulus indicated to the participant 
at the beginning of the series. In the case of verbal material, the task is meant to engage subvocal 
rehearsal to temporarily maintain active the target letter throughout the series. In the 2-back condition, 
participants are presented with comparable series of individual stimuli. The task consists in deciding, 
for each stimulus presented, whether it corresponds to the antepenultimate one that appeared in the 
sequence. As the 0-back condition, the 2-back task is meant to engage subvocal rehearsal. However, 
it requires additional controlled processing to continuously update the information temporarily held 
active in working memory. Hence, the two experimental conditions share all processes, to the 
exception of the controlled, executive attention that is recruited only in the 2-back condition (e.g., 
Braver et al., 1997; E. E. Smith & Jonides, 1999; E. E. Smith et al., 1998). This characteristic is 
cardinal to fulfill the subtractive method requirements, because it allows to “isolate” the process(es) of 
interest, in the present case, controlled attention subserving the update of information in working 
memory (for a comment on the fallacies associated with the subtractive method, see Friston et al., 
1996; Poeppel, 1996; Sartori & Umilta, 2000a; Sartori & Umilta, 2000b). As compared to verbal 
fluency, the verbal N-back paradigm holds another interesting advantage, that of demonstrating a 
fairly large cross-study congruency of results, with respect to the pattern of brain activity associated 
with performance in younger adult populations. Since the mid 1990s, the N-back has become almost a 
prototypical paradigm used to investigate the neurofunctional grounds of working memory (e.g., Awh 
et al., 1996; Braver et al., 1997; Cohen et al., 1994; Gevins & Cutillo, 1993) and a large ensemble of 
convergent findings were reported, both using fMRI (e.g., Braver et al., 1997) or water-labeled positron 
emission tomography (e.g., E. E. Smith et al., 1998). To the present concern, the findings 
demonstrating a quite circumscribed and stable pattern of activity provides an interesting mean to 
indirectly assess the reliability of the 99mTc-HMPAO SPECT technique performed with the redefined 
acquisition parameters. More specifically, obtaining convergent results would support the validity of 
the technique and the feasibility of activation studies with single photon emission computerized 
tomography, a somewhat neglected technique among the ones available.  
 
A1.6.2.1.2. MATERIAL AND ADMINISTRATION  
The stimuli used in the verbal N-back task were 13 different print characters, selected according to the 
following criteria: a) being a consonant, thus excluding vowels “A”, “E”, “I”, “O”, “U” and “Y”, b) being 
monosyllabic, thus excluding letters “W” ( /du/bl*/ve/ ) and “Y” ( /i/grEk/ ), c) not sharing identical 
patterns with any other consonant neither in lower case, nor in upper case, thus excluding letters “L” ( 
L, I ) and “I” ( I, I ) and d) being frequent as initial letter in the French language (above a frequency of 
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1000, according to the Brulex reference database, Content et al., 1990). The stimuli used are reported 
in Table A.29.57 along with their characteristics. 
 
In each the 0-back and the 2-back condition, 6 blocks of 36 trials each were built, for a total of 216 
trials in each condition. According to the procedure proposed by Braver et al. (1997), 1/3 of the trials 
were target (i.e. requiring a “yes” response) and 2/3 of the trials were non targets (i.e. requiring a “no” 
response). The proportion was maintained within each experimental block. In the 0-back condition, 
each block of 36 consonants contained 24 non targets (with each of the 12 letter repeating twice) and 
12 targets (12 times letter “X”). In the 2-back, the “X” was not used and each consonant was 
































Figure A.53. Verbal N-back task. Schematic representation of the trial sequences used in the 0-back 
condition (left panel) and in the 2- back condition (right panel) 
 
Trial sequences within each block were first randomly defined by assigning to each of trial a random 
number using the “=ALEA()” function in Excel 2000 (Microsoft Corp. Seattle, US), which allowed to 
subsequently rank ordered the trials by means of the “sort increasingly” function implemented in the 
software. The random sequence was subsequently checked to avoid a) the first trial being a target in 
the 0-back condition, or the third trial being a target in the 2-back condition , b) more than two 
consecutive trials of the same letter stimulus c) meaningful abbreviation (ex: FMH, CFF, TPG) and d) 
alphabetical order (ex: CD, RS). Sequential adjustments were done by post-hoc trial permutation 
within each sequence.  
 
                                                 
57 For sake of clarity, all the additional information that is not extremely relevant, such as the tables describing the stimuli, the 
task instructions, the detailed methodological characteristics as well as some detailed results from statistical analyses, are 
provided at the end of the section under the overhead « Additional information ».  
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All letters were displayed either in upper or lower case print. This was done to avoid visual strategies 
and to force participants to process the stimuli at a phonologic level. The letter identity was to be 
processed, rather than its visual appearance. The attribution of upper and lower case print to each trial 
was performed randomly, within each series of 216 item. Random numbers varying between 0 and 1 
were assigned to each trial. Each trail with a random number <.049999 was assigned a “lower” case; 
each trail with a random number >4.99999 was assigned an “upper” case. Random numbers 
assigment was varied until a 50/50 attribution was reached within a given series. Thus, for each 
series, 50 % of the trails were presented in upper case and 50% in lower case. The trial sequences 
used in the task are reported in Table A.110. 
 
Each stimulus consisted in a picture file created in 24-bits real color bitmap (*.BMP) format. The size 
of the picture was 640 × 480 pixels at the center of which a 90 × 90 pixels virtual area was defined. 
The metric conversion in centimeters onto the computer screen of this square area was of 4.5 cm, 
corresponding approximately to a 4.15 lateral visual angle at 120 cm. Each letter, either in lower or in 
upper case, was typed in 125 pts bold Arial TrueType and was centered in the 90 × 90 pixels area. 
The overall picture background color was light grey (RGB:192,192,192; HEX: #C0C0C0; WIN: “silver”) 
and the letter was typed in black (RGB:0,0,0; HEX: #000000; WIN: “black”).  
 
The task was computerized and built under E-Prime Software (Psychology Software Tools, Inc., 
Pittsburgh, PA, US). The script was run on a Dell (Round Rock, TX, US) personal computer provided 
with an E-Prime Serial Response Box device and a 15-inch monitor with a 640 x 480 pixels resolution. 
The conditions were administered in the same order across participants, with the 0-back always 
provided before the 2-back. Within each condition, the 6 blocks were given in a constant order, with a 
break after each block. The timing of the trial sequence was borrowed from Braver et al. (1997) and 
Cohen et al. (1994), with a stimulus display of 500ms, immediately followed by the display of a fixation 
point with a fixed duration of 2500ms. This sequence corresponds to an ISI (inter-stimulus interval) of 
2500ms and a SOA (stimulus onset asynchrony) of 3000ms (see Figure A.53.). The total time per 
block of 36 trials is of 108s and the overall time for each 216 trials condition is of approximately 12min. 
For each trial, response time and response accuracy were recorded online by the computer. 
Response times, measured in ms, corresponded to time interval between the appearance of the 
stimulus and the manual response provided by the participant.  
 
A1.6.2.2. SCANNING PROCEDURE  
Each of the two N-back conditions was associated with a single full brain image. All participants 
preformed the 0-back condition first, followed by the 2-back condition. When entering the experiment, 
participants were provided with general information about the scanning procedure and signed 
informed consent for participation. The cognitive tests were taken in the scanning room, but outside 
from the scanner, as illustrated in left panel of Figure A.54. De facto, brain SPECT imaging 
necessitates a 20 minutes tracer washout period between the tracer uptake and the image acquisition.  
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Figure A.54. Verbal N-back task. Participants performing the task (left) and 




Figure A.55. Verbal N-back task. 99mTc-HMPAO SPECT acquisition procedure of two brain images 
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This particularity allows to provide the task in settings that are close from laboratory ones, rather than 
inside the scanner, as done in fMRI or in water-labeled PET experiments. Before starting the 0-back 
condition, participants were invited to sit comfortably in front of the computer, with the left arm lying 
onto a small table. A intravenous butterfly catheter was placed in the elbow fold preparing for 
subsequent radiopharmaceutical injection. Participants were then provided with the 0-back task  
instructions (detailed in section A1.10.) and the first experimental block was administered. Participants 
always responded with the right hand, by pressing the dedicated response device buttons. A response 
was required for each stimulus, whether the letter was an « X » (i.e. a target) or not (non-target). After 
the first block, participants were warned that there were five remaining block, with interleaved breaks 
that needed to be as short as possible. After the second block, 7 mCi (260 MBq) of 99mTc-HMPAO was 
injected. Note that the uptake period of this radiotracer being of about 3 minutes, the brain images 
reflect the average brain activity that was labelled during the third and fourth experimental blocks of 
the task. At the end of the task, participants were required to rest during the 20 minutes washout 
period, and were subsequently placed in the scanner, in a decubitus position, as illustrated in right 
panel of Figure A.54. Image acquisition lasted 30 minutes.  
 
The procedure applied for the acquisition of the second brain image was identical to that used for the 
first one, to the exception of the cognitive task used. Indeed, the 2-back condition was administered. 
Again, participants sat in front of the computer and took the test outside from the scanner. As for the 
0-back task, the tracer was injected through the butterfly catheter at the beginning of the third block of 
trials, and brain images corresponded to the average brain activity that occured during the third and 
fourth block. As for the 0-back condition, 7 mCi (260 MBq) of 99mTc-HMPAO were administered. Note 
that the dose equivalence between the first and the second scan consisted in a major change as 
compared to the initial methodology applied in the Magistretti et al. (1996-2001) study. Indeed, initially, 
one fourth of the dose was administered for the first scan while the remaining dose was used for the 
second scan, following the « split-dose » procedure proposed by Shedlack et al. (Shedlack et al., 
1991). We mentionned earlier in the text that the discrepancy in the radiotracer dose, along with the 
differential time of image acquisition, were considered as factors participating to the cross-
contamination found in the original brain image dataset. To remedy contamination, and as proposed 
by Audenaert et al. (2000; 2001), dose equivalence across scans was favored. The second image 
acquisition was performed after a 20 minutes rest period and lasted 30 minutes. The timeline of the 
entire procedure is illustrated in Figure A.55. 
 
 
A1.6.2.3. IMAGE ACQUISITION AND RECONSTRUCTION 
Each scan was acquired in a 128x128 squared matrix by means of a Toshiba GCA-9300 triple head 
gamma camera (Toshiba Medical Systems, Tokyo, Japan) with fan beam collimation. A 120° rotation 
with 6° step angle was used, providing 60 projections, each acquired in 90s. Scatter correction was 
performed using the TEW method (Ichihara et al., 1993), with 20% set around 140 KeV peak, and 
additional 7% in the upper and lower sides of the main window. Note that the TEW method was 
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reintroduced, after being droped in the course of the Magistretti et al. (1996-2001) study. Images were 
reconstructed in a 128x128 matrix. Attenuation correction was done by filtered back projection 
(Sorenson method) using a filter of 8.0.16 for the main window, and of 8.0.09 for the sub-windows. 
The attenuation correction map was automatically drawn with a contour set at 5%, and an attenuation 
coefficient set to 0.09 1/cm. Images were reconstructed using a Shepp & Logan filter in the axial, 
coronal and sagital planes with a slice thickness of 2 pixels.  
 
Image post-processing consisted in converting the original Toshiba files into the ANALYZE format 
using MedX software (Sensor Systems, Inc., Sterling, VA, US). By means of the SPM2 package 
(Wellcome Department of Neurology, London, UK), images were further realigned and normalized into 
the Talairach and Tournoux (1988) stereotactic space, so to fit in a bounding box of -64:64, -104:68,    
-28:72 mm, with a voxel size of 2×2×4. Finally, images were smoothed using a gaussian filter of 
10×10×12 at full width half maximum (FWHM). The detailed steps of image post-processing is 
provided in section A1.10. 
 
A1.7. HYPOTHESES 
Several hypotheses were formulated with respect to this experiment, some regarding the behavioral 
measures, the other related to the pattern of brain activity. 
 
As concerns the behavioral measures, we expected a significant effect of condition upon performance, 
in the shape of a decrease in the 2-back condition, as compared to the 0-back one. Theoretically, the 
0-back condition necessitates the active, but poorly demanding, maintenance of the task goals, 
achieved mainly by subvocal rehearsal of the target letter “X” (Awh et al., 1996). Oppositely, the 2-
back condition requires additional executive attention to constantly update relevant information and 
clear no-longer relevant one from working memory (E. E. Smith & Jonides, 1999). Thus, the 2-back 
task was considered as more complex than the 0-back one, and consequently, longer reaction times, 
and lower accuracy were expected. This prediction would be statistically supported by a significant 
main effect of Condition, on both the response times and the percentage of correct responses.  
 
Another cardinal hypothesis concerns the effect of Age. Indeed, we predicted an age-related decrease 
in performance, reflected for the most part by an increase in response times. Indeed, based on the the 
cognitive slowing hypothesis (Cerella, 1985; Salthouse, 1996), older adults were expected to be 
slower to respond than younger adults. In addition, an age-related decrease in accuracy was also 
expected, mostly based on the hypothesis of an age-related decline in the ability to maintain active the 
task goals in the face of interference (Hasher & Zacks, 1988). Accordingly, older adults should 
demonstrate a lower proportion of correct responses than their younger counterparts. The age-related 
decrease in performance would be statistically supported by a significant main effect of Age group on 
the two variable considered. 
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Ultimaltely, given the hypothesis an age-related decline in processing resources (Craik & Byrd, 1982), 
and/or in working memory capacity (Salthouse, 1990), older adults were expected to be more 
hampered than their younger counterparts in the more demanding 2-back condition, relative to the 0-
back one. This prediction would be statistically supported by a significant an Age × Condition 
interaction. 
 
As concerns the brain imaging data, two lines of hypotheses were drawns. The first concerned the 
feasibility of the brain activation protocols with 99mTc-HMPAO SPECT imaging. Support for this 
assumption was indeed a prerequisite for further investigations. As mentioned earlier in the text, there 
is large converging results reported with various techniques, with respect to the foci of activation 
associated with the 2-back task in younger adult populations. More specifically, the verbal 2-back task, 
as compared to the 0-back one, was related to a distributed ensemble of areas involving the left 
prefrontal cortex (BA9/46), parietal structures (BA 7/40), and, in some cases, Broca’s areas (BA44) 
and the supplementary motor cortex (BA6) (D'Esposito et al., 1998; E. E. Smith & Jonides, 1999; 
Wager & Smith, 2003). Thus, as converging evidence supporting the feasibility of activation studies 
with SPECT, we expected to find similar activation foci, in the younger adult sample. 
 
Provided this, a second line of assumptions was drawn, with respect to the age-related specificities in 
the brain activation patterns. First, based on the HAROLD model (Cabeza, 2002), we expected older 
adults to demonstrate a decrease in the lateralization of brain activations, especially at the level of the 
prefrontal cortex. More specifically, while younger adults were expected to recruit the left BA9/46, we 
predicted that the older adults would additionally recruit prefrontal areas in the right hemisphere. 
Second, we predicted that older adults would show a differential recruitment of more posterior areas, 
as compared to younger adults. More specifically, older adults would not rely, as much as younger 
ones, upon parietal posterior areas to complete the more demanding task (Gazzaley & D'Esposito, 
2003; Reuter-Lorenz, 2002). In both case, these predictions should be statistically supported by an 
Age × Condition interaction.  
 
A1.8. RESULTS 
A1.8.1. BEHAVIORAL DATA 
Analysis of the behavioral data was performed on the median response times computed only on 
correct responses, and, on the proportion of correct responses per blocks given before, during and 
after the scan. In other words, for each of these two variables, individual scores were computed for 
blocks 1 and 2, blocks 3 and 4 and blocks 5 and 6, respectively. Descriptive statistics by Age group 
(Younger, Older), Experimental block (Before, During, After) and Condition (0-back, 2-back) are 
provided in Table A.106. and Figure A.56. 
 
Two-fold inferential statstics were conducted on each of the two variable considered. First a mixed 
design ANOVA with Age group (Younger, Older) as a between subject factor, and Condition (0-back, 
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2-back) and Experimental block (Before, During, After) as repated mesures was conducted to assess 
the general effects. A second mixed design ANOVA was performed only on the data corresponding to 
the Experimental Block during scanning. This analysis was conducted with Age group (Younger, 
Older) as a between subject factor, and Condition (0-back, 2-back) as a repeated measure. 
 
Table A.106. Verbal N-back task: Proportion of correct responses, by Age 
group, Condition and Block: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Younger 
 V0 - Before  12 0.993 0.981 0.026 0.931 1.000 -1.195 -0.248 
 V0 - During  12 0.986 0.984 0.017 0.944 1.000 -1.162 1.661 
 V0 - After  12 0.986 0.986 0.013 0.958 1.000 -0.755 0.161 
 V2 - Before  12 0.944 0.910 0.090 0.681 1.000 -1.713 2.918 
 V2 - During  12 0.965 0.936 0.074 0.736 1.000 -2.139 4.970 
 V2 - After  12 0.958 0.936 0.065 0.764 1.000 -1.964 4.179 
Older 
 V0 - Before  13 0.986 0.979 0.023 0.917 1.000 -1.620 3.555 
 V0 - During  13 1.000 0.989 0.014 0.958 1.000 -1.107 0.242 
 V0 - After  13 0.986 0.987 0.016 0.944 1.000 -1.878 4.507 
 V2 - Before  13 0.847 0.859 0.051 0.792 0.931 0.166 -1.626 
 V2 - During  13 0.903 0.886 0.059 0.778 0.972 -0.269 -0.477 
 V2 - After  13 0.931 0.907 0.080 0.736 1.000 -0.700 -0.072 
Note. MD = median; M = mean; skew = Skewness; kurt = Kurtosis. 
 
Table A.107. Verbal N-back task: Median response time, by Age group, 
Condition and Blocks: Descriptive statistics 
  
  
N MD M sd min max skew kurt 
Younger 
 V0 - Before  12 434 427 40 346 511 0.024 1.889 
 V0 - During  12 435 426 41 344 509 -0.044 1.427 
 V0 - After  12 436 425 41 344 506 -0.127 1.057 
 V2 - Before  12 654 715 232 422 1274 1.318 2.073 
 V2 - During  12 666 719 233 420 1274 1.233 1.839 
 V2 - After  12 669 715 225 420 1260 1.260 2.126 
Older 
 V0 - Before  13 515 514 50 439 577 -0.292 -1.497 
 V0 - During  13 508 511 49 439 573 -0.281 -1.456 
 V0 - After  13 507 508 46 434 565 -0.477 -1.248 
 V2 - Before  13 676 710 158 504 1054 0.851 0.543 
 V2 - During  13 680 712 168 504 1082 0.974 0.660 
 V2 - After  13 675 712 170 496 1084 0.895 0.460 
Note. MD = median; M = mean; skew = Skewness; kurt = Kurtosis. 
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Figure A.56. Verbal N-back task. Average median response times and proportion of correct responses 
by Age group, Condition and Experimental blocks 
 
 
A1.8.1.1. GENERAL EFFECTS 
The results of the general ANOVA conducted on the proportion of correct responses revealed a 
significant main effect of Condition, F(1,23)=35.119, p<.001, MSE=0.232, η2=.604, with the proportion 
of correct responses being higher in the 0-back condition (0.984 ± 0.003, M ± SE), as compared to the 
2-back condition (0.906 ± 0.013). In addition, the main effect of Block was significant, with 
F(2,46)=7.671, p<.001, MSE=0.007, η2=.250. Pairwise post-hoc comparisons indicated that the 
proportion of correct responses was smaller in the block Before scanning (0.932 ± 0.007), than in the 
block During scanning (0.949 ± 0.007, p=.018), and than After scanning (0.954 ± 0.007, p=.016). 
Blocks During and After scanning did not significantly differ (p=.782). In addition the Condition*Block 
was significant, F(1,23)=2.824, p=.106, MSE=0.019, η2=.109. Post-hoc pairwise comparisons 
revealed that in the 0-back condition, the proportion of correct responses did not differ significantly 
across blocks (Before Vs During, p=1.00, Before Vs After, p=1.00, During Vs After, p=1.00). However, 
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in the 2-back condition, accuracy was smaller Before than During scanning (p=.039) and Before than 
After scanning (p<.001). Performance During and After scanning was not different (p=1.00). The main 
effect of Age group was not significant, F(2,46)=3.467, p<.05, MSE=0.003, η2=.131, and neither were 
the Age*Condition interaction, F(1,23)=2.723, p=.113, MSE=0.017, η2=.106, the Age*Block interaction 
F(2,46)=0.607, p=.549, MSE=0.001, η2=.026 or the Age*Condition*Block interaction F(2,46)=0.617, 
p=.544, MSE=0.001, η2=.026. 
 
With respect to response times, results of the general ANOVA revealed only a significant main effect 
of Condition, F(1,23)=46.433, p<.001, MSE=2253671.3, η2=.669, suggesting that the response time 
were faster in the 0-back condition (469 ± 9ms, M ± SE), as compared to the 2-back condition (714 ± 
40ms). However, all the other main effects were not significant, with Age group, F(1,23)=0.790, 
p=.383, MSE=59984, η2=.033, and Block, F(2,46)=0.808, p=.452, MSE=48.9, η2=.034. None of the 
interactions were significant, with Age*Condition, F(1,23)=1.536, p=.228, MSE=74564.8, η2=.0.063, 
Age*Block, F(2,46)=0.157, p=.856, MSE=9.5, η2=.007, Condition*Block, F(2,46)=1.579, p=.217, 
MSE=99.9, η2=.064 and Age*Condition*Block, F(2,46)=0.594, p=.556, MSE=37.6, η2=.025. 
 
To summarize, it can be pointed out that the pattern of results suggest that overall, performances of 
younger and older adults do not differ, which was somewhat unexpected. Furthermore, Age did not 
interact neither with the Condition, nor with the Experimental block, suggesting that older adults were 
not more hampered than their younger counterparts neither by the increase in task demand, nor by 
possible the learning effects. Another finding, was the significant effect of Condition upon 
performance, with accuracy being larger and response times being faster in the 0-back condition as 
compared to the 2-back one. This effect undoubltedly denoted an increase in task difficulty, from the 
baseline condition to the activation one. Again, contrary to the predictions, this effect was not larger for 
older adults than for younger ones. Finally, as concerns the effect of Experimental blocks, the findings 
suggested that the response accuracy was quite high in both condition, but a small, although reliable, 
effect of learning was reported in the 2-back condition, with an increase in the proportion of correct 
responses from before scanning to during and after scanning. This effect, however, was not reported 
on response times.  
 
A1.8.1.2. PERFORMANCE DURING SCANNING 
The results of the ANOVA conducted to specifically assess the effect of Age group and Condition in 
the performance recorded during scanning revealed grossly similar results. With respect to the 
proportion of correct reponses, the results revealed a significant main effect of Condition, 
F(1,23)=33.593, p<.001, MSE=0.071, η2=.594, suggesting that accuracy was larger in the 0-back 
condition (0.986 ± 0.003, M ± SE), as compared to the 2-back one (0.911 ± 0.013, M ± SE). The main 
effect of Age group was not significant, F(1,23)=2.493, p=.128, MSE=0.006, η2=.098. However, the 
Age*Condition interaction was significant F(1,23)=4.635, p<.05, MSE=0.010, η2=.168. The analysis of 
this interaction by means of pairwise post-hoc comparisons revealed that in the younger group, 
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accuracy did not differ between th 0-back and the 2-back condition (p=.113). However, older adults 
demonstrated a significant drop in accuracy from the 0-back to the 2 back condition (p<.001). Younger 
and older adults were not significantly different either the 0-back condition (p=1.00), or in the 2-back 
on (p=.117). 
 
As concerns response times, the results revealed a main effect of Condition, F(1,23)=45.865, p<.001, 
MSE=763290.5, η2=.666, supporting the fact the response times were slower in the 2-back condition 
(468 ± 9ms, M ± SE) as compared to the 0-back (716 ± 40ms). The main effect of Age group was not 
significant, F(1,23)=0.731, p=.401, MSE=19063.3, η2=.031, and neither was the Age*Condition 
interaction, F(1,23)=1.566, p=.223, MSE=26055.6, η2=.064. 
 
Overall these findings suggest that, as expected, and as already found in the previous analysis, the 2-
back condition entailed larger response times and lower accuracy than the 0-back condition. As such, 
the theoretical prediction of a higher task demand in the 2-back condition as compared to the 0-back 
one is aknowledged by the findings. However, contrary to the hypothesis, older adults did not 
demonstrate overall longer response times than younger adults. This was probably due to the fact that 
in the youger population, several individuals demonstrated fairly long response latencies, especially in 
the 2-back condition (see Table A.111., in section A1.10.). Somewhat unexpectedly, in this condition, 
the older adults appeared more homogeneous (i.e. demonstrate less variability) than the younger 
ones. This point shall be discussed later, in terms of time/accuracy trade-offs and individual 
differences in strategies applied to solve the task. Turning back the Age effect, the findings 
nonetheless suggested that older adults are more hampered than younger ones, with respect to 
accuracy. Indeed, although the age differences were not significant, the results demonstrated than 
older adults showed a significant drop in accuracy from the 0-back to the 2-back condition, while 
younger adults did not demonstrate a significant change in performance across conditions. It should 
however be kept in mind, that the overall level of accuracy was fairly high, irrespective of the age 
group and the condition. 
 
A1.8.2. BRAIN IMAGING DATA 
Analyses of the brain imaging data were conducted using the SPM2 software package (Wellcome 
Institute of Neurology, London, UK). Analyses were conducted using a “multi-goup: condition and 
covariates” design, with 2 conditions (0-back, 2-back), but no covariates. The global calculation was 
done using the mean voxel values, and grand mean scaling was applied. Proportional scaling was set 
to 50 ml/min/100gr of tissue, which corresponds to the standard blood flow average as measured with 
water-labelled PET. The design held 4 conditions, 0 covariates, 25 blocks and 0 nuisance variables. A 
total of 29 parameters were estimated, with 27 degrees of freedom, thus leaving 23 degrees of 
freedom for the total of 50 images considered. Analyses were conducted using a p-value threshold of 
p=0.001, uncorrected for multiple comparisons. To avoid false positives, a cluster of at least 50 voxels 
was defined for the peaks to be considered. Several contrasts were assessed, and all results are 
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reported in Table A.108. First, the main effect of Condition was assessed in each age group 
separately, searching for the areas that either demonstrate an increase in activity in the 2-back 
condition as compared to the 0-back one (i.e. 2-back > 0-back), or that demonstrate the reverse 
pattern, that is, higher activity in the 0-back as compared to the 2-back (i.e. 0-back > 2-back). The 
SPM t-maps for the former contrasts are reported in Figure A.57. The second series of contrasts were 
conducted so specifically assess the Age × Condition interactions (see Figure A.58.).  
 
 
A1.8.2.1. CONDITION MAIN EFFECTS 
As concerns the main effect of Condition in the younger sample, results showed that the 2-back 
condition was associated with an increase activity in a ensemble of brain areas that include the left 
prefrontal cortex (BA46 and BA9), the left inferior parietal lobule (BA 40), the right inferior temporal 
gyrus (BA 20/37), the right inferior parital lobule expanding to the its superior portion (BA7) and the 
right medial frontal gyrus (BA10). In the older sample, the 2-back condition was associated with an 
increase in brain activity in the prefrontal cortex on both hemisphere (BA9), expanding downwards to 
the middle frontal gyrus (BA10) on the right and upwards on the left hemisphere (BA8). Thus in both 
age groups, the 2-back condition was associated with an increase in the prefrontal activity, as 
expected. However, interestingly enough, while left BA46 was specifically recruited in the younger 
population in the 2-back condition, this area was not specifically activated in the older population. De 
facto, its activity, which was specifically reported in the 0-back task, decreased in the 2-back condition. 
Another interesting feature of the findings, is the lack of a specific 2-back related activation in the 
posterior areas in the older population. A closer look to the data (see Figure A.59.) does in fact 
demonstrate that the right temporal gyrus (BA20) and the left inferior parietal lobule (BA40 and BA7) 
are involved in both task conditions in this age group. It appears, then, that in this population, activity 
in more posterior areas is already present in the 0-back condition. A similar conclusion can be reached 
with respect of the right middle frontal areas (BA10), which is appears to be involved in both the 0-
back and the 2-back condition. However, activity in this latter area seems to expand with the task 
difficulty in the older adult sample, as demonstrated by a specific task-related activation in the 2-back.  
As a whole, the results suggest that in both older and younger adults, working memory is associated 
with an increase in prefrontal activity, mainly lateralized on the left side in the younger adults (involving 
BA9 and BA46). In the older adults, prefrontal activity engages a slightly different portion of left 
prefrontal cortex (BA9 but located slight higher than for the younger), as well as a fairly strong activity 
in the middle frontal gyrus on the right side (BA10). Thes findings appear in agreement with the ones 
reported in the literature showing an age-related increase in bilateralization of prefrontal activity in 
higher cognitive demanding tasks (Cabeza, 2002; Cabeza et al., 2002; Reuter-Lorenz et al., 2000; 
Reuter-Lorenz et al., 1999). It remains however, that direct assessment of the Age × Condition 
interaction need to be done to bring clearer evidence to this conclusion. Such assessment was 








MAIN EFFECT OF CONDITION (2-back > 0-back) BY AGE GROUP 
 
 
Figure A.57. Verbal N-back task. SPM t-maps for the the main effect of Condition (2-back > 0-back) 




A1.8.2.2. AGE × CONDITION INTERACTIONS 
The Age × Condition interactions were assessed by means of two contrasts. The first highlights the 
brain areas that demonstrate an increase activity in the 2-back, as compared to the 0-back, that is 
larger for the younger adults, as compared to the older one (i.e. Y2-back > 0 back > O0-back > 2-back). The 
second contrast shows the reverse pattern, that is, an increase in activity associated with the 2-back 
that is larger for older adults, as compared to the younger ones (i.e. Y0-back > 2 back > O2-back 0 2-back).  
The results of both contrasts are displayed in Figure A.58., in red for the first one, in green for the 
seconde one (the corresponding peaks of activity are provided in Table A.108.). They  indeed support 
the preliminary conclusions drawn in the previous sections. First, a distributed ensemble of areas 
participate to performance in the 2-back condition in younger adults, but not in older ones (plotted in 
red in Figure A.58.). These include the left prefrontal cortex, at BA46, and right posterior areas 
including the superior occipital gyrus (BA19) and the right superior parietal lobule (BA7). Second, older 
adults rely more upon several brain areas to conduct the 2-back task than do the younger adults. 
These include the upper portion of the left prefrontal cortex (BA9/46), and the right right prefrontal 
cortex (BA9). 
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CONTRAST ESTIMATES AND 90% CONFIDENCE INTERVALS 
 
Figure A.58. Verbal N-back task. Average brain acrtivity and standard deviations (upper) and corresponding 
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A1.9. DISCUSSION AND CONCLUSION 
The preliminary findings of this experiment conducted to assess age differences in the neurofunctional 
bases of working memory are rather encouraging with respect to the two goals pursued. Indeed, they 
were first supportive of the use of 99mTc-HMPAO SPECT for brain activation studies. And second, 
although preliminary, the results regarding the age-related reorganization of brain functions were in 
agreement with the general features reported in the literature, espcially with respect to the age-related 
reduction in lateralization of the prefrontal activity associated with the task of interest, and with respect 
to the differential antero-porterior activity reported for younger and older adults. 
 
As concerns the use of SPECT in activation studies, the results obtained in the younger adults were 
fairly congruent with those already reported in the literature using water-labeled PET (e.g., Awh et al., 
1996; E. E. Smith & Jonides, 1997) or fMRI (e.g., Braver et al., 1997; Cohen et al., 1994; Cohen et al., 
1997). Indeed, findings demonstrated that the 2-back condition was associated with a specific 
increase in left prefrontal areas (BA9/46), as well as with an increase in activity in the left parietal 
lobule (BA40) and the right medial frontal gyrus, expanding to the middle frontal one (BA10). Activity in 
these areas are constantly reported in tasks engaging verbal working memory in younger. These 
areas have been associated with executive processes (BA9/46) and with temporary maintenance of 
information (BA40) in working memory. However, contrary to most of the reported findings, our results 
did not reveal any specific activity in areas that are usually associated with active rehearsal, namely 
the supplementary motor areas (BA6) and Broca’s area (BA44). The absence of any specific increase 
in activity in these areas in the 2-back condition, as compared to the 0-back one, may well be 
attributed to the fact that rehearsal is already engaged in the 0-back condition (Awh et al., 1996). 
Another slightly discrepant finding between our results and those reported in the literature is the 
specific activity in two areas located in the right hemisphere, namely the right inferior temporal gyrus 
(BA20 / BA37) and the right inferior parietal lobule (BA7). The former areas were reported as being 
implicated in the passive storage in memory for object (Wager & Smith, 2003), and the second has 
been reported to be engaged in object and face encoding (e.g., Kelley et al., 1998). Thus, both areas 
seem to be involved in processing of visual information, a component that was not expected to be 
engaged in the verbal n-back task. Some further work should be conducted to investigate this issue of 
visual processing in the task that was studies. Notwithstanding, the major brain areas reported in the 
literature to participate to verbal working memory performance in younger adults (see D'Esposito et 
al., 1998, for a meta-analysis) were also found using the 99mTc-HMPAO protocol and it was concluded 
that this technique provided an satisfactory mean to conduct brain imaging experiments. Given that 
the findings were supportive of the reliability of the measures acquired with SPECT, we now can turn 
to discuss the age-related differences in both the behavioral and the brain imaging data. 
 
As concerns the behavioral data, the results supported the assumption according to which the 2-back 
task was more demanding in processing resources than the 0-back one. Indeed, performance indexed 
either by the percent of accuracy or the time to respond, was significantly lower in the 2-back 
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condition, as compared to the 0-back one. With respect to the tasks themselves, the findings further 
suggested that participants demonstrated lower accuracy in block before scanning (i.e. blocks 1 and 
2), as compared to the blocks during and after scanning, particularly in the 2-back condition. This 
pattern of results may be attributed to the need to familiarize with the task. This effect was not 
reported for response times.  
A somewhat suprising result, however, was the absence of a significant age difference in 
performance, either assessed in terms of accuracy, or in terms of response times. Indeed, based on 
the general slowing hypothesis (e.g., Cerella, 1985; Salthouse, 1996), we initially predicted that older 
adults would demonstrate significantly slower response times than their younger conterparts. It was 
not the case. This rather unexpected finding may be aknowledged by individual differences in the 
strategies applied, particularly in the younger age group. Indeed, a closer look to individual data 
(reported in Table A.111.) suggests that in the younger population, several individuals (e.g. 1202, 
1203) demonstrate fairly large response times, accompanied by a fairly high proportion of correct 
responses, while some others showed very fast response times but relatively lower accuracy (e.g. 
1206, 1207). Such individual differences found in the younger population is also highlighted by a fairly 
large standard deviation (see Table A.107.) in the 2-back task. De facto, this parameter, reported for 
the younger adults in the 2-back condition, was almost twice as large as the corresponding one 
reported for older adults (232ms, 233ms, 225ms before, during and after scanning for the younger, 
and 158ms, 168ms and 170ms for the older). The reader should additionally note that in the cognitive 
aging literature, the opposite pattern is expected, with older adults usually showing greater variability 
than younger ones (e.g., Hultsch, MacDonald, & Dixon, 2002; Rabbitt, 2000). With respect to the 
present findings, the larger variability found in the younger population, and the apparent 
speed/accuracy trade-offs, may denote the use of different strategies, with some individuals favoring 
accuracy in detriment of speed, while others favoring speed, in the detriment of accuracy. Given the 
small sample size, it is possible than the presence of only few “cautious” inviduals in the study 
population may result in increase in the group average response time. A particularly interesting way to 
question this issue would be to identify and separate individuals who favor speed, on the one hand, 
and those who favor accuracy, on the other. Thus, some additional data would provide means to 
investigate this issues, that would also be particularly interesting with respect to individual differences 
in underlying brain functional activations. To conclude on this issue, we shall warn the reader that the 
absence of significant age differences in performance should not be taken as granted and more data 
are needed to confirm this pattern of results. 
 
Turning to the brain imaging findings, the results are again encouraging. Indeed, and as mentioned 
earlier in the text, not only an ensemble of areas known to be engaged in working memory was found 
in the younger population, but the characteristic features of age-related brain functional reorganization 
were also found. Indeed, as compared to younger adults, older ones seem to rely upon the prefrontal 
cortex in both hemispheres. More precisely, older adults specifically engage left BA9/46 and right BA9 
in the 2-back condition, while younger adults rely essentially upon left BA9. Of additional interest, left 
BA46 was not specifically recruited by the younger. Thus, above and beyond a bilateral prefrontal 
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activation reported in the older group, the left sided activity was not located in the same part of the left 
prefrontal cortex in either groups. Such a pattern was indeed congruent with previous findings from the 
literature (see Reuter-Lorenz et al., 2001, for a small scale meta-analysis on aging and BA9/46). Note 
also that, although not fully granted, there were no significant age differences in the behavioral 
measures in aquired in the 2-back task, hence suggesting that the increase in the bilateral recruitment 
of prefrontal areas in the older adults is compensatory, rather than detrimental. It thus supports the 
claims made by Cabeza, Anderson, Locantore, and McIntosh (2002) that bilateral activation is a 
compensatory mechanism helping to maintain cognitive performance in aging.  
 
Another interesting finding was the anterio-posterior differential activity reported across age groups. 
Indeed, the results revealed that older adults did not rely as much as the younger ones upon posterior 
regions located in the superior part of the occipital gyrus (BA19) and expanding to the superior parietal 
lobule (BA7), both located in the right hemisphere. It should nonetheless be pointed out that several 
posterior areas that participate to the 2-back task in the younger sample appear to participate to both 
the 0-back and the 2-back in older adults. These are areas located at the level of the parietal lobule, 
both in the left (BA40) and the right (BA7) hemisphere. Hence, it appears that the the antero-posterior 
differential activity across age groups does not constitutes a simple picture. While older adults 
demonstrate posterior activity in both lower and higher demanding condition in some areas (e.g. 
BA40), some other posterior regions are no longer recruited in the more demanding condition, 
eventhough they seem to participate to the 2-back task in younger adults (BA 7 and 19). Further work 
is needed to understand these selective recruitments of brain areas across younger and older adults.  
 
Of particular interest would be to investigate the functional networks connecting these posterior 
regions to the prefrontal ones and to study the possible feed-back control exerted by the frontal cortex 
upon the posterior regions in older adults (Gazzaley & D'Esposito, 2003). Unfortunately, investigating 
networks requires a large set of data for dedicated multivariate techniques, such as Structural 
Equation Modeling (McIntosh & Gonzalez-Lima, 1994) or Partial Least Squares (McIntosh et al., 1996; 
McIntosh & Lobaugh, 2004) to be adequately applied. Again, as mentioned earlier, the present 
findings constitutes preliminary results and the study is still ongoing. More data are currently being 
collected, as part of Christian Chicherio’s doctoral thesis (in preparation), not only to increase the 
sample size, but also to additionally investigate the age-related differences in neurofuntional networks 
underlying a spatial version of the N-back paradigm. Eventually, the findings from the complete study 
will provide some answers to the age-related reorganization of brain functional networks underlying 
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A1.10. ADDITIONAL INFORMATION 
A1.10.1. BEHAVIORAL DATA 
Table A.109. Verbal N-back task: Selected consonants and their characteristics in 
terms of upper and lower case print, phonetic, CVC, frequency and number of 
syllables 
upper lower phonetic CVC Frequency # syllables
T t /te/ /CV/ 57629 1 
P p /pe/ /CV/ 8419 1 
M m /Em/ /VC/ 4726 1 
S s /Es/ /VC/ 4615 1 
C c /se/ /CV/ 4058 1 
H h /4S/ /VC/ 3714 1 
R r /Er/ /VC/ 3471 1 
B b /be/ /CV/ 3280 1 
F f /Ef/ /VC/ 2671 1 
N n /En/ /VC/ 2612 1 
V v /ve/ /CV/ 1352 1 
D d /de/ /CV/ 1323 1 




Task instructions – 0-back verbal: 
0-back verbal - Consigne générale : “Dans cette épreuve, on va vous présenter à l’écran une série de 
lettres. Ces lettres vont apparaître l’une après l’autre, au centre de l’écran. Votre tâche consiste à 
décider, pour chaque lettre, s’il s’agit d’un « X » ou non. S’il s’agit d’un « X », alors vous appuierez sur 
la touche 2 de ce boîtier de réponse (montrer la touche). S’il s’agit d’une autre lettre, alors vous 
appuierez sur la touche 3 (montrer la touche). Les lettres peuvent être présentées aussi bien en 
majuscule qu’en minuscule, mais vous n’avez pas besoin de vous en préoccuper. Tout ce que vous 
devez faire est d’appuyer sur 2 s’il s’agit d’un « X », peu importe s’il s’agit d’une majuscule ou d’une 
minuscule, ou sur 3 s’il s’agit d’une autre lettre. Le test comporte 6 blocs. A la fin de chaque bloc, il y a 
une pause. Nous allons commencer par le premier bloc et on verra à la pause si tout se passe bien. 
Essayez de répondre le plus rapidement possible, sans faire d’erreurs. Prêt(e) ?” 
 
0-back verbal - Consigne après le premier bloc : “OK. Il ne reste maintenant plus que 5 blocs. Dans 
ces 5 blocs, la tâche est identique à ce que vous venez de faire : chaque fois que vous voyez un «X », 
vous appuyez sur la touche 2. S’il s’agit d’une autre lettre, vous appuyez sur 3. Encore une fois, 
essayer de répondre le plus rapidement possible, sans faire d’erreurs. Pour le restant de l’épreuve, on 
essaiera de ne pas faire de pause entre les blocs. Prêt(e) ?” 
 
0-back verbal - General instructions: “In this test, you will be presented with series of letters. These letters will appear one after 
the other on the computer screen.Your task consists in deciding, for each letter, whether it is an « X » or not. If it is an « X », 
then you will need to press the key number 2 of this response device (show the key). If it’s another letter, then you will need to 
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press the key number 3 (show the key).The letters can be displayed either in upper or in lower case, but you don’t need to pay 
attention to this feature. All you need to do is press 2 if it’s an « X », irrespective whether it’s in upper of in lower case, of press 3 
if it’s another letter. The test has 6 blocks. At the end of each block, there is a break. We shall start with the first block and check 
if everything is ok. Try to respond as fast as possible, without making any mistakes. Ready ?" 
 
0-back verbal - Instructions given after the first block: “OK. There a five blocks remaining. In these five blocks, your task is the 
same as what you’ve just done: every time you see an « X », you press 2. If it’s another letter, you press 3. Again, try to respond 




Task instructions – 2-back verbal: 
2-back verbal - Consigne générale : “Dans l’épreuve suivante, vous allez à nouveau voir des lettres 
apparaître l’une après l’autre, au centre de l’écran. Cette fois, votre tâche consiste à décider, pour 
chaque lettre, s’il elle est identique, non pas à la précédente, mais à la lettre juste avant. Autrement 
dit, il s’agit de décider, pour chaque lettre, si elle est la même que l’avant-dernière qui la précède. Si la 
lettre est identique à l’avant-dernière, alors vous appuierez sur la touche 2 du boîtier de réponse 
(montrer la touche). Si la lettre est différente de l’avant-dernière, alors vous appuierez sur la touche 3 
(montrer la touche). A nouveau, les lettres peuvent être présentées aussi bien en majuscule qu’en 
minuscule, mais vous n’avez pas besoin de vous en préoccuper. Tout ce que vous devez faire est 
d’appuyer sur 2 si la lettre est identique à l’avant-dernière, peut importe s’il s’agit d’une majuscule ou 
d’une minuscule, ou sur 3 elle est différente. Comme tout à l’heure, le test comporte 6 blocs. A la fin 
de chaque bloc, il y a une pause. Nous allons commencer par le premier bloc et on verra à la pause si 
tout se passe bien. Essayez de répondre le plus rapidement possible, sans faire d’erreurs. Prêt(e) ?” 
 
2-back verbal - Consigne après le premier bloc : “OK. Il ne reste maintenant plus que 5 blocs. Dans 
ces 5 blocs, la tâche est identique à ce que vous venez de faire : chaque fois que la lettre est 
identique à l’avant-dernière, vous appuyez sur la touche 2. Si elle est différente, vous appuyez sur 3. 
Encore une fois, essayer de répondre le plus rapidement possible, sans faire d’erreurs. Pour le restant 
de l’épreuve, on essaiera de ne pas faire de pause entre les blocs. Prêt(e) ?” 
 
0-back verbal - General instructions: “In the following test, you will be also presented with letters appearing one after the other, 
at the center of the screen. This time, your task consists in deciding, for each letter, whether it is identical, not to the preceding 
one, but to the one even before. In other words, you need to decide whether each letter is the same as the last but one. If the 
letter is the same as the ast but one, you will press the number 2 key of this response device (show the key). If the letter is 
different from the last but one, press the number 3 (show the key). Again, letters can be presented either in upper or in lower 
case, but you won’t need to pay attention to it. All you will need to do is press 2 if the letter is the same as the last but one, no 
matter whether it an upper or in lower case letter, or press 3 if the letter is different. As before, the test has 6 blocks. At the end 
of each block, there is a break. We shall start with the first block and check at the break if everything is OK. Try to respond as 
fast as possible, without making any mistakes. Ready ? " 
 
0-back verbal - Instructions given after the first block: “OK. There are five blocks remaining. In these five blocks, your task is the 
same as what you’ve just done: every time the letter is the same as the last but one, you press 2. If the letter is different, you 
press 3. Again, try to respond as fast as possible, without making any mistake. For the remaining of the test, we will try not to 
take breaks between blocks. Ready ?” 
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Table A.110. Verbal N-back task: Trial sequences by Condition and Block. 
0-back 2-back 
B1 B2 B3 B4 B5 B6 B1 B2 B3 B4 B5 B6 
S V F B t s N N d F r D 
B N t D P X p c H M d C 
x B B s b d b t n N F P 
h T X x x T m c b M d C 
H V x p X x B T N h F S 
n H N x s R f f T D s H 
X X X v t X H B F R N s 
F x S m D N f D t d T f 
m r D V x x S b F P p B 
t X X t m M v D c V t T 
x C X x x X s t s P p b 
p N r N h X r m m S c t 
F X x X v r B v S T r C 
r d F f X p R M p S t H 
X H R R s N D v F d R R 
D f X x P C T H p n b h 
x X H C m X r n d C H T 
S p x C x t t M B n m D 
R P c X C v m n D C h p 
X X p s N p C B B b s D 
x r x X x x M v V h V P 
V x T T c f C P m t S m 
D s X x b x p s t H V F 
b D n P H D F p m t b B 
x M h X x m p r C C H F 
c s s H R f D F r m B V 
x x x M N X s c C r p n 
C C c x F x d F r b m R 
T x v n V C h s R R v n 
X x m F F B n h p b M r 
N B M R X x h s H V c m 
m x v h x b n H n P N S 
V m x B R h V R h v c M 
x T d d X V T D V F n V 
p f p x x S v R S S F n 
x X B x d H c p V F D V 
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Table A.111. Verbal N-back task: Proportion correct responses and median response times by 
Participant, Condition, and Block. 
  Proportion correct Median response time (ms) 
  0-back 2-back 0-back 2-back 
  before during after before during after before during after before during after 
Younger 1201 0.986 0.986 1.000 0.681 0.736 0.764 408 409 413 422 420 420 
Younger 1202 0.944 0.986 0.958 0.944 0.986 0.958 450 450 450 1274 1274 1260 
Younger 1203 1.000 1.000 0.986 0.833 0.972 0.986 429 432 434 954 954 912 
Younger 1204 1.000 0.972 0.986 0.972 1.000 1.000 397 389 385 528 525 536 
Younger 1205 0.931 0.986 0.986 0.903 0.972 0.986 396 395 392 563 556 554 
Younger 1206 0.986 1.000 0.986 0.958 0.944 0.944 346 344 344 643 641 641 
Younger 1207 1.000 0.972 0.972 0.931 0.917 0.944 445 444 442 538 540 538 
Younger 1208 1.000 0.986 0.986 0.819 0.861 0.958 446 446 443 807 813 802 
Younger 1209 1.000 1.000 1.000 1.000 0.986 0.958 511 509 506 860 872 872 
Younger 1210 1.000 0.972 0.972 0.958 0.958 0.917 418 410 406 624 623 621 
Younger 1211 0.944 0.944 1.000 0.944 0.931 0.861 443 446 451 665 690 696 
Younger 1212 0.986 1.000 1.000 0.972 0.972 0.958 438 437 438 701 719 723 
Older 2201 1.000 0.972 0.986 0.806 0.861 0.819 447 442 442 560 555 551 
Older 2202 0.986 0.986 1.000 0.903 0.889 0.958 439 439 434 676 660 647 
Older 2203 0.986 1.000 0.986 0.931 0.917 0.986 569 567 549 627 625 620 
Older 2204 0.958 0.986 0.986 0.847 0.806 0.931 510 508 507 746 743 759 
Older 2205 0.972 0.986 0.972 0.806 0.833 0.875 551 543 543 839 844 878 
Older 2206 0.972 1.000 1.000 0.931 0.972 0.972 558 553 553 690 693 693 
Older 2207 0.986 0.972 0.986 0.792 0.778 0.736 577 573 565 675 680 675 
Older 2208 0.972 1.000 1.000 0.847 0.847 0.833 493 500 505 650 634 640 
Older 2209 1.000 1.000 1.000 0.819 0.903 0.889 564 564 555 1054 1082 1084 
Older 2210 0.972 1.000 0.986 0.875 0.972 1.000 449 449 447 504 504 496 
Older 2211 1.000 1.000 1.000 0.806 0.903 0.931 515 506 506 758 758 758 
Older 2212 1.000 1.000 0.986 0.917 0.903 0.861 535 531 528 928 957 932 
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A1.10.2. BRAIN IMAGING DATA 






* Registration Quality ?:    1.00  
* Allow weightening of reference image ?:  Allow weightening 
* Reslice interpolation method ?:   Trilinear 
* Way to wrap images ?:    No wrap  
* Mask images ?:      Mask images  
 
REALIGN: 
Number of subjects:    25 
Which options ?:     Coregister and reslice 
Weight the reference image(s) ?   Dont weight registration 
Create what ?    All images + mean image 
 
2. NORMALIZATION  
PARAMETER ESTIMATION 
Weight template when registering ?   Default brain mask 
weight source images when registering ?  Don't weight sources 
Cutoff:      25mm (default) 
Nonlinear regularization:    Medium regularization 
# Nonlinear iterations:    8 non linear iterations 
 
WRITING NORMLALIZED 
Preserve what ?     Concentrations 
Bounding Box:     SPM95 
Voxel size ?     2 2 4 
Interpolation method ?    Trilinear 
Way to wrap images ?    No wrap 
 
NORMALIZE: 
Which option:     Determine paramteres and write normalized 
Template image:     SPECT.mnc 
 
SMOOTH 







Printing mode:     Other format to file  
Graphics filename:     spmfig date (default) 
Graphics Type ?:     Baseline JPEG image  
Appendix 2 




Dans DEFAULT, Default Area ?:   Realignement 
* Registration Quality ?:    0.75 (default) 
* Allow weightening of reference image ?:  Don't allow weightening (default) 
* Reslice interpolation method ?:   4th degree B-Spline (default) 
* Way to wrap images ?:    No wrap (default) 
* Mask images ?:      Mask images (default) 
 
2. COREGISTRATION: 
Dans DEFAULT, Default Area ?:   Coregistration 
* Cost function ?:     Normalized mutual information (default) 
* Relsice interpolation method ?:   Trilinear (default) 
* Way to wrap images ?:    No wrap (default) 
* Mask images ?:      Don't mask images (default) 
 
3. SPATIAL NORMALISATION 
Dans DEFAULT, Default Area ?:   Spatial Normalisation 
a. Defaults for ?:     Parameter estimation 
* Weight template when registering ?:   No weightening (default) 
* Weight source image when registering ?:  Don't weight sources (default) 
* Cutoff ?:     25mm cutoff (default) 
* Non linear regularisation ?:    Medium regularisation (1) (default) 
* # Nonlinear iterations ?:    8 nonlinear iterations  
b. Defaults for ?:     Writing normalised    
* Preserve what ?:     Preserve concentrations (default) 
* Bounding box ?:     -64:64 -104:68 -28:72 (SPM95)  
* Voxel size ?:     2 2 4  
* Interpolation method ?:    Trilinear interpolation (default) 
* Way to wrap images ?:    No wrap (default) 
 
4. SEGMENTATION 
Dans DEFAULT, Default Area ?:   Segmentation 
* Bias regularisation ?:    Medium regularisation(0.01) (default) 
* Bias cutoff ?:     30mm cutoff (default) 
* Clean up the partitions ?:    Clean up the partitions (default) 
* Write bias corrected image ?:   Write boias corrected (default) 
 
5. BIAS CORRECTION 
Dans DEFAULT, Default Area ?:  Bias correction 
* Number of histogram bins ?:   256 bins (default) 
* Regularisation ?:     Medium regularisation(0.01) (default) 
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Figure A.59. Verbal N-back task. Contrast estimates and 90% Confidence Interval (left) and average 
brain acrtivity and standard deviations (right) for the 2-back > 0-back in younger 
Appendix 2 
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Figure A.59. continued. Verbal N-back task. Contrast estimates and 90% Confidence Interval (left) 
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Figure A.60. Verbal N-back task. Contrast estimates and 90% Confidence Interval (left) and average 
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Figure A.61. Verbal N-back task. Contrast estimates and 90% Confidence Interval (left) and average 
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Figure A.62. Verbal N-back task. Contrast estimates and 90% Confidence Interval (left) and average 

















APPENDIX 3:  









L’intérêt pour l’étude des spécificités associées au vieillissement cognitif a subi un essor considérable 
depuis le milieu du 20ème siècle, en parallèle avec l’augmentation drastique de l’espérance de vie à 
la naissance. Depuis les années 1950, le nombre de recherches conduites dans ce domaine n’a 
cessé d’augmenter, bénéficiant de méthodes et d’approches issues aussi bien de la psychologie 
développementale de l’enfant, de la psychométrie que de la psychologie cognitive. Le présent travail a 
été conduit afin d’investiguer, chez l’adulte, l’effet des différences d’âge et des différences 
individuelles dans la capacité de mémoire de travail sur les performances cognitives et plus 
particulièrement celles qui font appel à l’intelligence fluide. Un aspect central de la recherche a été de 
déterminer si les différences d’âge d’une part, et les différences individuelles, d’autre part, dans la 
capacité de mémoire de travail, peuvent être associées à des différences à la fois quantitatives et 
qualitatives dans le traitement cognitif. De manière ultime, il s’est agi d’étudier l’effet conjoint de l’âge 
et des différences inter-individuelles dans la capacité de mémoire de travail sur du déclin des 
performance cognitives au cours du vieillissement. 
 
ELEMENTS THEORIQUES 
Multidimensionnalité et multidirectionnalité du vieillissement cognitif 
Les caractéristiques des changements cognitifs avec l’âge chez l’adulte ont d’abord été identifiés par 
une approche psychométrique, montrant qu’au cours de l’âge adulte, certaines habiletés cognitives 
présentent un déclin lié à l’âge plus rapide que d’autres. Il s’agit des habilités dites “fluides”, évaluées 
au travers de tâches qui nécessitent la manipulation d’informations, la formation de relations entre 
éléments, indépendamment des connaissances acquises au travers de l’environnement culturel. Ces 
habilités fluides augmentent rapidement durant l’enfance, atteignent un plateau vers l’âge de 20 ans, 
puis diminuent rapidement au cours du vieillissement. Par opposition, les habilitées dites “cristallisée”, 
évaluées par des tâches qui font appel aux connaissances acquises par la culture, présentent une 
augmentation plus lente et relativement constante aussi bien chez l’enfant que chez l’adulte, ne 
montrant une diminution que dès l’âge de 65 ans. Cette distinction dans les parcours 
développementaux observés pour l’intelligence “fluide” et “cristallisée” a été initialement documentée 
par Cattell et Horn (e.g., R. B. Cattell, 1963; Horn & Cattell, 1967; Horn & Hofer, 1992) et plus 
récemment intégrée par Baltes dans un modèle plus large du développement décrit au sein de la 
psychologie du lifespan (e.g., Baltes, 1987; Baltes, Cornelius et al., 1980; Baltes, Reese et al., 1980). 
Les propositions de Baltes et coll. visent à décrire le développement comme un phénomène 
multidimensionnel et multidirectionnel, caractérisé par la recherche constante d’un équilibre entre 
gains et pertes, contraint à la fois par des facteurs biologiques et socioculturels. Ces propositions sont 
exemplifiées empiriquement par les résultats d’une étude conduite sur 516 personnes âgées de 70 à 
100 ans, connue sous le nom de Berlin Aging Study (BASE, Baltes & Mayer, 1999). Cette large étude 
comporte l’évaluation de différents domaines, dont la cognition, investiguée à l’aide de 14 épreuve 
testant la cognition dite “mécanique”, corollaire de l’intelligence fluide, et la cognition dite 
“pragmatique”, corollaire de l’intelligence cristallisée. Au-delà d’une distinction entre trajectoires 





ont mis en évidence une augmentation avec l’âge des corrélations entre performances dans des 
domaines cognitifs différents, et entre différentes modalités, particulièrement cognitives et sensorielles 
(Baltes & Lindenberger, 1997; Lindenberger & Baltes, 1994). Cette augmentation traduit un 
phénomène de dédifférenciation des habilités avec l’âge chez l’adulte, déjà soulevé par Reinert (1970, 
voir aussi Garrett, 1946) dans une revue d’études psychométriques portant sur les changements avec 
l’âge de l’organisation des conduites. Ainsi, il semblerait qu’au travers de la vie, les habilités cognitive 
se différencient progressivement durant l’enfance, sont relativement distinctes chez le jeune adulte et 
tendent à se regrouper au cours du vieillissement. Autrement dit, différents facteurs sont nécessaires 
pour rendre compte de la structure des données chez le jeune adulte, alors qu’au début et à la fin de 
la vie, le poids d’un facteur général est relativement plus important. Pour Baltes (1997), ce 
phénomène de différentiation-dédifférenciation traduit les contraintes mutuelles des influences 
biologiques et socioculturelles sur la cognition, et sur le fonctionnement de l’individu, plus 
généralement. Ainsi, au début et à la fin de la vie, les contraintes biologiques sont lourdes et 
déterminent fortement le comportement, alors qu’au début et au milieu de l’âge adulte, les effets des 
apports socioculturels sont importants. Non seulement ils favorisent la différentiation des habilités, 
mais ils permettent également de compenser, dans une certaine mesure en tous les cas, les pertes 
fonctionnelles liées aux altérations biologiques associées au vieillissement (Baltes, 1997). Il n’en reste 
pas moins que le vieillissement est lié à une progressive mécanisation de la cognition et que lorsque 
les contraintes biologiques deviennent trop fortes, la compensation, mue par une fonction de 
résilience, n’est plus possible. Dès lors, la régulation des pertes devient nécessaire. Par ailleurs, la 
théorie développementale du lifespan postule que la progressive dédifférenciation des habilités 
cognitives avec l’âge dépend d’une cause commune (“common cause hypothesis”), reflétée par une, 
ou un petit nombre de, variables physiologiques encore non définies, mais associées à l’architecture 
même du système nerveux et fortement dépendantes des changements biologiques liés à l’âge. 
L’influence de cette cause commune aurait, parmi d’autres, l’effet d’une progressive diminution des 
ressources cognitives disponibles, augmentant ainsi le coût relatif posé par des tâches aussi bien 
cognitives que sensorielles et nécessitant une constante réallocations des ressources de traitement 
(hypothèse de "saturation ou de permeation cognitive", e.g., K. Z. H. Li & Lindenberger, 2002). 
 
Vieillissement cognitif et diminution des ressources de traitement 
Cette hypothèse d’une diminution des ressources de traitement avec l’âge est un postulat qui a 
également été adopté dans une perspective différente, celle la psychologie cognitive. En effet, 
certains auteurs (pour revue, voir Craik & Salthouse, 2000; Salthouse, 1991c) ont proposé que la 
diminution des performances cognitives avec l’âge, et en particulier celle affectant la cognition fluide, 
soit expliquée par un petit nombre de construits généraux. La caractéristique de ces construits, en tant 
que ressources de traitement, est tout d’abord leur quantité limitée (Kahneman, 1973) et ensuite, leur 
généralité, en terme de recrutement au travers d’un grand nombre de tâches (Salthouse, 1991b). 
D’une manière générale, les ressources de traitement ont été décrites à l’aide de métaphores spatiale 
et/ou énergétiques, et leur limites conceptualisées en termes de temps, d’énergie ou d’espace à 





le vieillissement, les construits les plus importants proposés en tant que ressources générales sont 
sans aucun doutes la vitesse de traitement de l’information (Birren, 1965; Cerella, 1985; Cerella et al., 
1980; Salthouse, 1996) et la mémoire de travail (Salthouse, 1990). Néanmoins, un certain nombre de 
« cognitive primitives », ou variables influençant le système cognitif sans, théoriquement, ne pouvoir 
être réduites à un construit alternatif (Verhaeghen et al., in press), ont également été suggérées. 
Parmi celles-ci, proches de ce que certains considèrent aussi comme des fonctions exécutives (e.g., 
Miyake et al., 2000), on trouve l’inhibition (Hasher & Zacks, 1988), la coordination (Hartley, 1992; 
Verhaeghen et al., 2003) et l’alternance de tâches (ou "task switching", Meiran & Gotler, 2001; 
Verhaeghen & Basak, 2005). Dans la perspective de considérer chacun de ces constuits comme 
ressources de traitement pouvant rendre compte des différences d’âges dans la performance 
cognitive, il est important d’une part, d’évaluer la présence de différences d’âge effectives dans des 
tâches évaluant ces construits, et d’autre part, de démontrer que ces différences rendent 
effectivement compte des différences d’âge dans divers aspects de la cognition. 
 
Vitesse de traitement de l’information 
La vitesse de traitement de l’information est sans aucuns doutes le construit qui présente les 
différences d’âges les plus fréquemment reportées dans la littérature et qui a fait l’objet de l’évaluation 
la plus approfondie quant à son caractère explicatif du déclin avec l’âge des performance cognitives. 
Les travaux de Birren (e.g., Birren, 1965), et plus récemment de Cerella (Cerella, 1985; Cerella et al., 
1980) et de Salthouse (Salthouse, 1992a, 1993, 1996) sont ceux qui apportent le plus d’arguments en 
faveur de l’hypothèse d’un ralentissement lié a l’âge dans la vitesse à laquelle l’information est traitée. 
L’ensemble de ces recherches tend à montrer, d’une part que le ralentissement lié à l’âge est quasi 
ubiquitaire (e..g., Babcock et al., 1997; Birren, 1965) ; les adultes âgés mettent plus de temps à 
produire une réponse, que la tâche requière des processus plutôt périphériques d’intégration 
sensorielle et/ou d’effection motrice, ou des processus de centraux, responsables de la conduite 
d’opérations cognitives. Ensuite, il semble que les différentes composantes du traitement cognitif ne 
sont pas affectées de manière équivalente et que le ralentissement des opérations de nature centrale 
rendent compte plus largement que le ralentissement des opérations de nature périphérique, du déclin 
des performances cognitives (Cerella, 1985; Verhaeghen & Salthouse, 1997). Enfin, il apparaît que de 
manière générale, les adultes âgés présentent une vitesse de traitement de nature centrale une fois et 
demi moins rapide que celle des jeunes, et ceci, quelque soit le nombre d’opérations qui sont 
conduites (Verhaeghen et al., in press); on notera toutefois des variations dans la valeur de ce facteur 
de ralentissement, car il semble que celui-ci soit plus important dans des tâches à contenu visuo-
spatial que dans des tâches à contenu verbal (Hale & Myerson, 1996). Ces différents arguments 
plaident en faveur d’un ralentissement général avec l’âge de la vitesse à laquelle les opérations 
cognitives sont effectuées. Par ailleurs, un grand nombre de travaux a montré que la vitesse de 
traitement de l’information rend compte d’une grande partie des différences d’âge reportée dans des 
tâches cognitive très variées (voir Salthouse, 1996, pour une revue). En effet, de multiples résultats 
démontrent que les différences d’âge dans la performance cognitive sont drastiquement réduites 





l’effet de la vitesse de traitement. De plus, les résultats d’études recourant à l’analyse de communauté 
ou à des modèles d’équations structurales, ont montré que la variance liée à l’âge dans la cognition 
fluide, le raisonnement ou le rappel mnésique est largement partagée avec la variance liée à l’âge 
dans la vitesse de traitement de l’information (Salthouse, 1992a, 1993, 1996). Ainsi, il semble que la 
vitesse de traitement constitue un médiateur important des relations entre l’âge et la cognition. 
Néanmoins, d’autres facteurs nécessitent d’être considérés. D’une part, parce que les résultats 
d’études longitudinales suggèrent que contrairement aux différences d’âge, les changements cognitifs 
observés de manière intra-individuelle ne sont que peu, voir pas du tout, expliqués par des 
changements dans la vitesse de traitement de l’information (Hultsch et al., 1992; Schaie, 1989; 
Sliwinski & Buschke, 1999; Zimprich & Martin, 2002). Par ailleurs, si la vitesse de traitement rend 
effectivement compte des differences d’âge dans la performance mnésique, certains auteurs ont 
montré que celles-ci sont d’autant mieux expliquées par des modèles qui considèrent, en sus, la 
mémoire de travail (Kliegl et al., 1994; Park et al., 1996; Salthouse, 1993). 
 
Mémoire de travail 
La mémoire de travail est un construit qui a gagné une importance considérable dans la littérature 
suite à la proposition de Baddeley et Hitch (1974) d’un système de mémoire responsable du 
traitement et du maintien temporaire d’informations lors d’activités cognitives. Fonctionnellement, la 
mémoire de travail permet de garder momentanément accessibles des informations de sorte à ce 
qu’elles – ou d’autres – puissent être manipulées, ou utilisées lors d’une tâche en cours (Jenkins et 
al., 1999; Oberauer & Kliegl, 2001). Beaucoup s’accordent pour dire que la capacité de mémoire de 
travail, mesurée à l’aide de tâches nécessitant un maintien et un traitement temporaire de 
l’information, montre une diminution avec l’âge chez l’adulte (pour une revue, voir Craik & Jennings, 
1992; Salthouse, 1990). Malgré le nombre important d’études conduites dans ce domaine, il n’en 
demeure pas moins que la question reste ouverte de savoir si l’âge affecte spécifiquement l’espace de 
stockage, l’efficacité du traitement et/ou la coordination des deux (Kausler, 1994; Salthouse, 1990). 
Ainsi, les études conduites pour évaluer les différences d’âge dans l’espace de stockage, effectuées 
en utilisant des tâches de mémoire à court terme, ont ordinairement rapporté une diminution faible 
mais significative du nombre d’éléments pouvant être temporairement maintenus en mémoire 
(Grégoire & van der Linden, 1997; Myerson et al., 2003; Salthouse & Babcock, 1991). Par ailleurs, 
bons nombres d’études ont tenté d’investiguer la composante de traitement en recourant à des 
paradigmes contrastant des tâches nécessitant un traitement à des degrés divers, par exemple en 
comparant les performances dans des tâches d’empan simple (ex. empan de mots) à celle obtenues 
dans des tâches d’empan complexe (ex. empan de lecture). Théoriquement, ces deux types de 
tâches diffèrent par leur composante de traitement, puisque les premières nécéssitent uniquement un 
stockage, alors que les secondes, un stockage conjoint, ou alterné, au traitement. En conséquence, la 
performance devrait être moindre dans les tâches d’empan complexe que dans celles d’empan 
simple. De plus, si l’avancée en âge est associée à une réduction des ressources de traitement, 
comme le proposent Welford (1958), ou Craik et coll. (Craik & Byrd, 1982; Craik & Rabinowitz, 1984), 





être plus importante pour les adultes âgés que pour les jeunes. De fait, les résultats de la littérature 
n’ont apporté qu’un support mitigé à cette hypothèse. Ainsi, alors que certains auteurs rapportent 
effectivement une diminution de la performance plus importante chez les adultes âgés que chez les 
jeunes (e.g., meta-analyse conduite par Babcock & Salthouse, 1990), d’autres auteurs n’ont pas 
montré d’augmentation significativement plus importante avec l’âge de la différence de performance 
entre tâches d’empan simple, et tâches d’empan complexe (Gick et al., 1988; R. G. Morris et al., 
1988). A noter également que des résultats comparables ont été obtenus avec un paradigme 
sensiblement différent dans lequel deux tâches relativement simples doivent être coordonnées. Le 
traitement est donc associé à la coordination des deux tâches et souvent, la performance dans 
chacune des tâches a été préalablement individuellement ajustée, afin d’isoler, en condition double, la 
composante de traitement. Dans ce type d’études, les résultats sont relativement congruents et  
montrent d’une part, que la performance en condition simple est réduite chez les adulte âgé, en 
comparaison des jeunes. D’autre part, une fois que la tâche en condition simple est adaptée à la 
performance individuelle, il ne subsiste généralement pas de différences d’âge significatives sur la 
composante de traitement évaluée isolément (Baddeley et al., 1991; Baddeley et al., 1986; Belleville 
et al., 1998). L’ensemble de ces résultats suggère qu’à la fois les aspects de stockage et de 
traitement des informations peuvent être affectés par l’âge. Il semble toutefois, et particulièrement en 
ce qui concerne le traitement, que la complexité des tâches (en termes de nombre d’opérations 
cognitives requises) soit un facteur déterminant de la présence ou non d’effets d’âge. Il n’en demeure 
pas moins que la diminution de la capacité de mémoire de travail, mesurée à l’aide de tâches 
d’empan complexe, est généralement réduite chez l’âgé. De sucroit, les résultats d’un certain nombre 
d’études ont montré que cette différence rend compte de différences d’âge dans d’autres domaines 
cognitifs, tels que le raisonnement (Salthouse, 1991a), la compréhension de textes (DeDe et al., 2004; 
van der Linden, Hupet et al., 1999), ou encore le rappel épisodique (Frieske & Park, 1993; Park, 
2000). Ainsi, même si le locus des différences d’âges dans des tâches évaluant la capacité de 
mémoire de travail est loin d’être déterminé, il semble toutefois que les différences entre adultes 
jeunes et âgés observées dans des tâches de mémoire de travail rendent compte de différences de 
performance dans d’autres tâches, et particulièrement lorsque celles-ci nécessitent des opérations 
cognitives élaborées ou multiples (Park et al., 1996), ou lorsque les opérations doivent être 
coordonées (Mayr & Kliegl, 1993). Ceci dit,  et au vu de la difficulté de définir la (les) source(s) des 
différences d’âge dans la capacité de mémoire de travail, certains auteurs (e.g., Hasher & Zacks, 
1988; Stoltzfus et al., 1996), ont proposé un changement de perspective, ne s’intéressant plus 
directement à la capacité en tant que telle, mais aux processus attentionnels engagés dans les tâches 
mesurant ce construit. 
 
 
Processus attentionnels et exécutifs 
Les processus attentionnels les plus fréquemment évoqués dans la littérature sont l’inhibition, la 
coordination, la mise à jour, la planification et l’alternance de tâches (ou task switching). Ils sont 





rapprochés des fonctions exécutives décrites dans la littérature neuropsychologique (Miyake et al., 
2000; Stuss & Alexander, 2000). Bien que théoriquement distincts, ces différents construits ont en 
commun le fait qu’ils sont des processus dit « contrôlés », par opposition à des processus dit 
« automatiques ». La distinction entre ces deux classes de processus, suggérée par bon nombre 
d’auteurs (e.g., Hasher & Zacks, 1979; Posner & Snyder, 1975; W. Schneider & Shiffrin, 1977), réside 
dans le fait que les premiers requièrent des ressources attentionelles pour être conduits, alors que les 
second n’en requièrent pas ou peu. De surcroit, les processus contrôlés sont considérés comme étant 
accessibles à la consciences et conduits de manière volontaires, alors que les processus 
automatiques sont généralement conduits sans composante consciente et de manière quasi 
involontaire. Enfin, les processus contrôlés peuvent être interrompus, particulièrement lorsque la 
quantité de ressources attentionelles pouvant leur être allouée est dépassée.  
Dans le cadre du vieillissement cognitif, les processus attentionnels les plus fréquemment invoqués 
sont ceux qui sont liés à l’inhibition et à la résistance à l’interférence (Hartley, 1992). On doit 
essentiellement cet engouement aux propositions de Hasher et Zacks (1988) qui considèrent la 
diminution avec l’âge de la capacité de mémoire de travail, et, par extension, la diminution des 
performances cognitives au sens plus large, comme résultant d’une diminution de la capacité à inhiber 
les informations non pertinentes pour la tâche en cours. En effet, la capacité fonctionelle de la 
mémoire de travail serait inversément proportionelle au nombre d’informations non pertinentes qui 
entreraient et/ou résideraient en mémoire de travail. La présence de celles-ci serait directement liée à 
l’efficacité de trois fonctions de l’inhibition: a) la sélection des informations pertinentes qui entrent en 
mémoire de travail, b) la suppression, de la mémoire de travail, des informations qui ne sont plus 
pertinentes pour la tâche en cours et c) la réduction de la probabilité qu’une réponse correcte, mais 
non optimale soit produite (Hasher et al., 1999; Zacks & Hasher, 1997, voir aussi de Ribaupierre, 
Borella, & Delaloye, 2003). Ces différents postulats avancés par Hasher et Zacks trouvent un support 
empirique dans les résultats d’un certain nombre d’études ayant évalué les effets de l’âge sur les 
processus inhibiteurs. Ainsi, des différences d’âge significatives ont été observées dans l’effet 
d’interférence au Stroop Couleur (e.g., Cohn et al., 1984; Houx et al., 1993; West & Alain, 2000) et à 
l’antisaccade (Olincy et al., 1997; Sweeney et al., 2001), dans l’effet d’interférence proactive pour le 
rappel de mots (Lustig et al., 2001; May et al., 1999), ainsi que dans l’effet d’amorçage négatif 
(Hasher et al., 1991; McDowd & Oseas-Kreger, 1991; Tipper, 1991; West & Baylis, 1998). Néanmoins, 
certains auteurs (voir McDowd, 1997, pour une revue) relèvent le fait que, malgré la présence dans la 
littérature de résultats congruents avec le postulat théorique d’une diminution de l’efficacité de 
l’inhibition avec l’âge, le construit même d’inhibition n’est pas sans poser quelques problèmes lorsqu’il 
s’agit de le considérer comme une ressource générale rendant compte de la diminution des 
performances cognitives avec l’âge. Ceci pour plusieurs raisons. D’abord parce que les épreuves 
censées mesurer l’inhibition n’ont pas systématiquement donné lieu à des effets d’âge (Bojko et al., 
2004; Butler et al., 1999), et particulièrement lorsque les effets d’interférence sont pondérés par les 
différences d’âge déjà présentes dans les conditions de contrôle (Verhaeghen & De Meersman, 
1998a, 1998b).  Ensuite, parce que les effets consécutifs aux manipulations expérimentales utilisées 





et al., 2003). Enfin, parce que les résultats obtenus avec des tâches d’inhibition présentent des 
variations importantes au travers des études et au travers des individus, et sont donc peu fidèles 
(Park et al., 2002; Shilling et al., 2002). 
En dehors de l’inhibition, deux autres « cognitive primitives » sont fréquemment retrouvées dans la 
littérature pour rendre compte des différences d’âge observées dans la cognition : la coordination et 
l’alternance de tâche. La coordination a déjà été évoquée plus haut, à propos de certains paradigmes 
utilisés pour évaluer la mémoire de travail, et il a été mentionné que lorsque des tâches peu 
complexes sont utilisées conjointement, les différences d’âge dans la performance en condition duelle 
ne sont généralement pas significatives, particulièrement lorsque la difficulté des tâches simples a été 
ajustée aux performances individuelles des participants (Baddeley et al., 1991; Baddeley, Della Salla, 
Gray et al., 1997; Belleville et al., 1998). La coordination a toutefois été étudiée au moyen d’autres 
situations expérimentales nécessitant le partage ou la division de l’attention, situations presque aussi 
variées que la complexité des tâches devant être menées conjointement (Hartley, 1992). Il n’est dès 
lors pas surprenant que les résultats de la littérature concernant les différences d’âge dans la 
coordination soient largement divergents. De fait, alors que certaines études rapportent une 
diminution significative avec l’âge dans la capacité à coordonner deux tâches concourantes (e.g., 
Lindenberger et al., 2000), d’autres n’en rapportent que peu, voire pas du tout (e.g., de Ribaupierre & 
Ludwig, 2003; McDowd & Craik, 1988; Somberg & Salthouse, 1982; Tun & Wingfield, 1993, 1994). 
Une conclusion similaire peut être tirée sur la base de résultats de méta-analyses qui, si elles 
supportent un effet d’âge effectif dans la coordination de tâche, n’en démontrent pas moins la grande 
variabilité au travers des études (J. Y. Chen, 2000; Kieley, 1990, cited in Hartley, 1992; Riby et al., 
2004; Verhaeghen et al., 2003). Plusieurs raisons ont été invoquées pour expliquer cette diversité 
dans les effets d’âge en lien avec la coordination, parmi lesquelles : a) la variabilité dans la complexité 
des tâches utilisées (Hartley, 1992), b) la méthode d’estimation du coût cognitif lié à la situation duelle 
(de Ribaupierre & Ludwig, 2000, 2003), ainsi que c) les différences interindividuelles, notamment en 
termes d’expertise (Tsang & Shaner, 1998). 
A noter finalement que si les résultats sont mitigés aussi bien pour l’inhibition que pour la coordination, 
il en est de même pour l’alternance de tâches, le troisième construit discuté ici comme « cognitive 
primitive ». Dans la littérature, on distingue habituellement l’alternance locale, associé à un 
changement de consigne entre deux items différents et l’alternance globale, qui définit le changement 
de consigne entre deux séries d’items de nature différente. La première est associée au processus 
d’alternance lui-même, alors que la seconde est associée à la capacité de maintenir et de gérer 
différents ensembles de règles. En ce qui concerne les effets d’âge, les résultats de la littérature 
tendent à montrer que la diminution de la capacité d’alternance affecte essentiellement les 
changements globaux (Wasylyshyn et al., 2003, cité par Verhaeghen, Cerella, Bopp, & Basak, in 
press). De fait, même si des différences d’âge ont été reportés pour les changements locaux par 
certains auteurs (e.g., De Jong, 2001; Meiran & Gotler, 2001), celles-ci s’estompent souvent lorsque 
l’on prend en compte les différences d’âge dans les items sans alternances (Kray & Lindenberger, 
2000; Salthouse, Fristoe et al., 1998) et/ou lorsque le temps alloué pour la préparation au changement 





divergence entre effets d’âge reportés pour l’alternance globale et locale a été expliquée par certains 
auteurs en termes de differences d’âge dans le nombre de règles pouvant être maintenues 
simultanément actives en mémoire de travail plutôt que par des différences dans l’efficacité du 
processus d’alternance en tant que tel (Kray & Lindenberger, 2000; Mayr & Kliegl, 2000; Verhaeghen 
& Basak, 2005). 
 
Les résultats empiriques parcourus jusqu’ici soutiennent, dans une certaine mesure en tous cas, le fait 
que des différences liées à l’âge dans la performance cognitive sont présentes dans bon nombre de 
tâches qui nécessitent : a) une division de l’attention, b) une coordination et un maintien temporaire de 
multiples instructions en mémoire de travail et/ou c) une suppression active d’informations non 
pertinentes pour la tâche en cours. D’un point de vue plus général, les résultats semblent soutenir le 
postulat selon lequel des différences d’âge sont plus probables dans des tâches qui nécessitent le 
maintien temporaire de multiples représentations afin qu’elle soient facilement accessibles en regard 
d’interférences internes ou externes. Autrement dit, les différences d’âges sont plus susceptibles 
d’apparaître dans des tâches complexes qui nécessitent un important contrôle attentionnel. 
 
Approches théoriques de la mémoire de travail et du contrôle attentionnel 
La notion de contrôle attentionnel est inextricablement liée au construit théorique de mémoire de 
travail, en ce sens qu’elle est évoquée dans la plupart, si ce n’est tous, les modèle de mémoire de 
travail proposés dans la littérature (Miyake & Shah, 1999). Trois modèles sont considérés dans la 
présente revue : le modèle de mémoire de travail de Baddeley et Hitch (1974; 1994, voir aussi 
Baddeley, 1986, 2000), la Two-factor theory of cognitive control proposé par Engle (2002; Engle & 
Kane, 2004) et le Embedded-processes model of working memory proposé par Cowan (1995; 1999). 
 
Le modèle de Baddeley 
Le modèle proposé par Baddeley considère la mémoire de travail comme un système tripartite, 
responsable du traitement et du maintien temporaire d’informations afin qu’elles puissent être utilisée 
dans une tâche cognitive en cours (Baddeley, 1986; Baddeley & Hitch, 1974, 1994). La caracteristique 
de ce modèle est l’accent mise sur l’organisation structurelle de la mémoire de travail, plutôt que sur 
ses aspects fonctionnels. A ce titre, il constitue une heuristique intéressante pour une approche 
experimentale du construit de mémoire de travail, heuristique qui est également largement utilisée 
dans les travaux recourant à l’imagerie cérébrale (Baddeley, 2003; Smith, 2000; Smith & Jonides, 
1998). Le système proposé par Baddeley et Hitch comporte trois composantes : la boucle 
phonologique, impliquée dans le traitement et le maintien d’informations verbales, le calepin visuo-
spatial, impliqué dans le traitement et le maintien d’informations visuelles et/ou spatiale, et 
l’administrateur central, responsable de la gestion des ressources attentionnelles. Plus récemment, 
une quatrième composante a été ajoutée au modèle initial (Baddeley, 2000). Il s’agit de l’episodic 
buffer, responsable de la mise en commun d’informations provenant à la fois de la boucle 
phonologique, du calepin visuo-spatial et de la mémoire à long terme afin de former des épisodes 





composante fortement inspirée du Supervisory Attentional System (SAS) proposé par Norman et 
Shallice (1984). Ainsi, l’administrateur central est responsabe de l’allocation des resources 
attentionelles aux deux systèmes esclaves, la boucle phonologique et le calepin visuo-spatial, et de la 
coordination des tâches qui incombent à ces deux entités. En outre, l’administrateur central possède 
une function d’attention selective permettant d’engager l’attention sur une source particulière 
d’informations, tout en négligeant les autres. Enfin, l’administrateur central est responsable de la 
planification des actions et de l’activation d’informations en mémoire à long terme (Baddeley, 1996a).  
 
The Two-factor theory of cognitive control  
La seconde approche considérée dans ce travail est celle proposé par Engle (2002; Engle & Kane, 
2004) et se distingue de celle de Baddeley de part l’accent est mis sur les aspects fonctionnels plutôt 
que sur les aspect structuraux de la mémoire de travail. Par ailleurs, l’approche proposée par Engle 
se fonde sur des résultats empiriques issus d’études visant à investiguer les différences individuelles 
dans la capacité de mémoire de travail et la manière dont celles-ci rendent compte des performances 
cognitives dans des tâches complexes telles que la compréhension de textes (Engle & Conway, 1998; 
Turner & Engle, 1989a) ou le raisonnement (Kane et al., 2004). Selon Engle, la mémoire de travail, 
mesurée à l’aide de tâches d’empan complexe, constitue une ressource générale de traitement qui 
transcende le contenu des représentations (Turner & Engle, 1986, 1989a). Théoriquement, Engle 
décrit la mémoire de travail comme un système incluant a) une serie d’espaces de stockage à court 
terme, b) un ensemble de processus et de strategies et c) de l’attention exécutive ou contrôlée, 
source principale des différences individuelles dans la capacité de mémoire de travail. Dans les 
premiers développements du modèle, Engle a essentiellement lié l’attention exécutive à la capacité à 
maintenir temporairement actives et facilement accessible les informations pertinentes pour la tâche 
en cours (Cantor & Engle, 1993; Cantor et al., 1991; Engle et al., 1992). Par la suite, Engle a plutôt 
considéré l’attention exécutive comme permettant de résister à l’interférence et à inhibier les 
informations non pertinentes (Conway & Engle, 1994; Engle, 1996; Engle et al., 1995; Rosen & Engle, 
1997, 1998). Enfin, dans les développements les plus récents, Engle considère que l’attention 
exécutive permet à la fois de maintenir actives des informations pertinentes pour la tâche en cours, 
tout en inhibant celles qui ne le sont pas (Engle & Kane, 2004). Autrement dit, l’attention exécutive, 
source des différences individuelles dans la capacité de mémoire de travail mesurée à l’aide de 
tâches d’empan complexe, aurait deux fonctions: d’une part le maintien des buts liés à la tâche en 
cours et d’autre part, la résolution des conflits qui peuvent émerger entre les réponses 
automatiquement activées par l’environnement, mais non pertinentes, et celle qui sont adéquates, 
mais qui nécéssitent un recrutement attentionnel pour être sélectionnées. 
Très largement, c’est au moyen d’analyses en groupes extrêmes qu’Engle a élaboré son approche. 
En effet, dans bon nombre de travaux empiriques, Engle et coll. ont préalablement mesuré la capacité 
de mémoire de travail à l’aide d’épreuves d’empan complexe (en particulier l'Operation-Word Span, 
Turner & Engle, 1989a), pour ne retenir que les individus situés aux extrémités de la distribution des 
scores, indentifiant ainsi ceux possédant une large capacité de mémoire de travail (ou High Spans), 





de ces deux groupes d’individus dans des tâches de rappel mnésique (Conway & Engle, 1994; Kane 
& Engle, 2000; Rosen & Engle, 1997, 1998) et d’attention sélective (Conway et al., 1999; Kane et al., 
2001; Kane & Engle, 2003) et ont mis en évidence des différences de traitement cognitif aussi bien 
quantitatives que qualitatives entre les deux groupes. Ainsi, de manière générale, les High Span 
pourraient, en comparaison des Low Spans, garder actives un plus grand nombre d’informations 
(Kane & Engle, 2000; Rosen & Engle, 1997, 1998), tout en résistant mieux à l’interférence produite 
soit par du matériel préalablement appris (e.g., Kane & Engle, 2000; Rosen & Engle, 1998), soit par 
des réponses automatiquement suscitées par l’environnement (e.g., Conway et al., 1999; e.g., Kane 
et al., 2001) et/ou en competition avec les réponses pertinentes (e.g., Conway & Engle, 1994). 
Toutefois, dans certaines circonstances expérimentales, les High et Low Spans présentent des 
performances qui ne diffèrent pas significativement. Ainsi, dans des tâches pour lesquelles un 
traitement automatique est requis, les High et Low Spans ne se distinguent pas (Kane et al., 2001; 
Kane & Engle, 2003). Plus contre intuitifs, en revanche, sont les résultats qui montrent qu’en situation 
d’attention divisée, la performance des High Spans devient comparable à celle Low Spans, alors 
même qu’en situation simple, les premiers présentaient des performances plus élevées que les 
seconds. Comme exemple, on peut citer la disparition de l’effet d’amorçage négatif en condition de 
charge mnésique concourante (Conway et al., 1999), ou l’augmentation de l’effet d’interférence 
proactive lorsque l’encodage, le maintien ou le rappel de mots sont effectués conjointement à une 
tâche de tapping (Kane & Engle, 2000). L’ensemble de ces résultats a amené Engle a proposer que 
des différences individuelles dans la capacité de mémoire de travail – ou plus exactement dans 
l’attention exécutive – soient associées à des différences à la fois quantitatives et qualitatives dans la 
le traitement cognitif. Les individus possédant une capacité réduite auraient tendance à se reposer sur 
un traitement de nature plus automatique, alors que les individus avec une capacité plus importante 
pourraient recourir à un traitement plus contrôlé. Cette distinction donnerait lieu à des différences 
dans la performance cognitive, en particulier lorsque les tâches nécessitent un plus grand recrutement 
attentionnel.  
  
The Embedded-processes model of working memory  
Le dernier modèle abordé dans ce travail est celui proposé par Cowan (1995; 1999). D’un point de 
vue général, la perspective de Cowan est plus proche de celle de Engle que celle de Baddeley, en ce 
sens que les aspects fonctionnels sont favorisés par rapport aux aspects structuraux. En revanche, la 
particularité de modèle de Cowan est de considérer les aspects développementaux de la mémoire de 
travail, contrairement à Engle qui s’intéresse de plus près aux différences individuelles. De ce point de 
vue, le modèle de Cowan est à rapprocher des modèles néo-piagétiens, et en particulier de celui de 
Pascual-Leone (e.g., Pascual-Leone & Ijaz, 1989, voir aussi de Ribaupierre, 1983). Le modèle 
proposé par Cowan consiste en une représentation dynamique du système responsable du traitement 
de l’information, constituée d’un nombre restreint de composantes, à savoir a) un espace de stockage 
sensoriel, b) un espace de stockage à long terme et c) une composante attentionnelle, le Central 
Executive, envisagée comme un ensemble de processus de contrôle. Lorsqu’une information entre 





à long terme. Ce faisant, et de par leur activation dépassant un certain seuil, ils entrent dans ce que 
Cowan appelle la mémoire à court terme. Parmi ces éléments, certains entrent dans le focus 
attentionnel, une partie de la mémoire à court dont l’individu est conscient (Cowan, 1993). Pour 
parvenir dans le focus attentionnel, une activation supplémentaire est nécessaire. Celle-ci peut être 
atteinte soit sous l’effet du système d’orientation attentionnel, dont l’action est automatique et 
déclenchée par les caractéristiques même du stimulus, soit sous l’action de processus contrôlés 
dépendant du Central Executive. Sous la gouverne de ces derniers, l’attention peut être soit dirigée 
spécifiquement sur le stimulus lui-même, soit sur des informations stockées en mémoire à long terme. 
De même, elle peut être volontairement désengagée, de sorte à ce que des éléments qui sont dans le 
focus attentionnel n’atteignent plus le seuil d’activation requis (ce qui fonctionellement correspond à 
de l’inhibition). Par opposition, les éléments activés par le système d’orientation attentionnel le sont, 
soit parce qu’ils ne correspondent pas à épisodes antérieurs, soit parce qu’ils sont importants pour 
l’individus. Enfin, la quantité d’attention pouvant être allouée par le Central Executive est limitée et de 
ce fait, elle contraint le traitement cognitif. De fait, l’activation d’éléments est restreinte et le nombre 
d’informations pouvant être simultanément accessibles dans le focus attentionnel correspond à 4 ± 1 
bits d’information (au sens donné par les cognitivistes, e.g., G. A. Miller, 1956). De manière générale, 
le modèle proposé par Cowan permet de rendre compte de mécanismes tels que l’encodage, le 
maintien et la récupérations d’informations. L’encodage est effectué par l’arrivée d’un stimulus et 
l’activation consécutive de traits associés en mémoire à long terme. Le maintien est correspond à une 
réactivation continue de l’infromation, effectuée par les processus de contrôle, permettant de garder 
les élément accessibles dans le focus attentionnel. Enfin, le rappel correspond à amener les éléments 
adéquats et appropriés au sein du focus attentionnel. En ce qui concerne les changements 
développementaux, Cowan (1997; voir aussi Cowan et al., 1999; Cowan et al., 2002; Cowan et al., 
2003) propose que l’âge affecte a) le nombre de bits d’information pouvant être activés simultanément 
dans le focus attentionnel b) la durée durant laquelle les informations peuvent être maintenues dans la 
mémoire à court terme et c) la rapidité avec laquelle les informations peuvent être transférées de la 
mémoire à court terme au focus attentionnel. En fin de compte, ces modifications sont expliquées par 
des changements liés à l’âge dans l’efficacité des processus de contrôle dépendant du Central 
Executive. Néanmoins, il est à noter que Cowan s’est essentiellement intéressé aux changements 
développementaux chez l’enfant, postulant une augmentation fonctionnelle avec l’âge des éléments 
sus-mentionnés. Nous envisagerons toutefois, même s’il s’agit d’une extrapolation, que ces mêmes 
éléments montrent une diminution fonctionnelle chez l’adulte vieillissant. Ainsi, chez l’adulte, une 
diminution de l’efficacité des processus contrôlés pourrait être considérée comme la source principale 
des différences d’âge dans les performances cognitives, et particulièrement celles qui dépendent 
d’une mobilisation de l’attention. 
 
Mémoire de travail, contrôle attentionnel et vieillissement : Bases neurophysiologiques 
Bien que les trois modèles de mémoire de travail soient relativement distincts, tous considèrent 
néanmoins une composante (ou une fonction) de contrôle attentionnel. Cette composante, envisagée 





première des différences dans la capacité de mémoire de travail, entre individus d’âge comprables 
pour le premier, et d’âges différents pour le second. De plus, cette source de différences individuelles 
et de différences d’âge dans la capacité de mémoire de travail rendrait compte des différences 
observées dans divers aspects de la cognition, et en particulier dans la cognition fluide. L’attention 
exécutive, ou les processus controlés pourraient donc être envisagés comme une ressource générale 
de traitement. Un autre point commun aux trois modèles discutés, est le lien qui est postulé entre la 
composante de contrôle attentionnel ou exécutif de la mémoire de travail et le fonctionnement des 
structures préfrontales. De nombreuses données empiriques, provenant aussi bien d’études 
neuropsychologiques (Alexander & Stuss, 2000; T. Shallice & P. Burgess, 1991), 
neuropharmacologiques (Ellis & Nathan, 2001; Robbins, 2000; Usher & Davelaar, 2002), que 
d’imagerie cérébrale (Cabeza & Nyberg, 1997, 2000; Grady, 1999; E. E. Smith, 2000; E. E. Smith & 
Jonides, 1997) montrent en effet que le cortex préfrontal joue un rôle important dans le contrôle 
cognitif et et les aspects exécutifs de la mémoire de travail. Cette structure, qui occupe près d’un tiers 
du cortex (Kennedy et al., 1998), montre également un grande sensibilité à l’âge, marquée par une 
reduction de volume (Raz et al., 1998), de métabolisme au repos (Azari et al., 1992; Loessner et al., 
1995; Marchal et al., 1992; Mielke et al., 1998), et de la fonctionnalité de ses connections avec 
d’autres régions, largement associée à une réduction de l’efficacité de la neurotransmission, et plus 
particulièrement à un dysfonctionnement dopaminergique (Agnati et al., 1990; Meltzer, 1999; Strong, 
1998). Ces changements structuraux et fonctionnels qui se produisent au cours du vieillissement ont 
des répercutions sur le traitement de l’information, à tel point que certains auteur proposent même 
d’associer le vieillissement cognitif à un syndrome frontal (West, 1996, 2000). Il n’est reste pas moins 
que les données récentes d’imagerie cérébrale montrent que le cerveau vieillissant est capable de 
réorganisations, marquées essentiellement par une diminution de la latéralisation des fonctions, mais 
également par le recours à des régions supplémentaires et/ou plus étendues que celles reportées 
chez les jeunes adultes (Cabeza, Nyberg, & Park, 2005). Ainsi, et en ce qui concerne la diminution de 
la latéralisation, les adultes âgés tendent à montrer une activation bilatérale des régions frontales 
dans un large ensemble de tâches alors que les jeunes adultes recrutent, d’une part, l’hémisphère 
gauche pour des tâches de mémoire de travail verbales et pour l’encodage épisodique ; et d’autre 
part, l’hémisphère droit pour des tâches de mémoire de travail spatiales et pour le rappel épisodique 
(Cabeza, 2001b). Ces distinctions particulières entre foyers d’activations reportés entre adultes jeunes 
et âgés a été caractérisé par le modèle HAROLD (Hemispheric Asymetry Reduction in OLDer adults) 
proposé par Cabeza (2002). De plus, des résultats relativement récents suggèrent que la diminution 
de l’asymétrie fonctionnelle constitue un mécanisme compensatoire, puisqu’elle est observée chez 
des âgés maintenant une performance cognitive relativement élevée, alors qu’elle ne semble pas 
apparaître chez les individus qui présentent un déclin cognitif plus marqué (Cabeza et al., 2002). Bien 
qu’encore peu étudiés, les changements neurofonctionnels observés au cours du vieillissement 
normal sont indéniablement à rapprocher des hypothèses de « cause commune » et de « saturation 
ou permeation cognitive » proposés par K.Z.H. Li et Lindenberger (2002). D’une part en raison des 
changements neurobiologiques liés à l’âge, et d’autre part, en raison d’une nécéssité plus importante, 





déficits affectant diverse régions du cerveau et rendant l’intégration et l’utilisation de l’information plus 
difficiles. 
 
BUT DE L’ETUDE 
La revue de littérature présentée ici suggère que la capacité de mémoire de travail, ou plus 
précisément, l’attention exécutive, rendent compte de différences individuelles d’une part et de 
différences d’âge d’autre part, dans la performance cognitive. Toutefois, la prise en compte conjointe 
des deux sources de différences dans l’explication du déclin cognitif avec l’âge n’a que peu été 
considérée, en dehors d’études corrélationnelle permettant d’appréhender uniquement des 
différences de nature quantitatives (e.g., Salthouse, 1991a). Par opposition, les différences de nature 
qualitatives, qui pourraient être également envisagées, n’ont pas été explorées.  
Ainsi, le but de la présente étude est d’approcher cette question par l’application d’un plan 
expérimental en groupes extrêmes (Alf & Abrahams, 1975; Conway et al., in press; Feldt, 1961). Cette 
procédure nécessite dans un premier temps d’identifier les individus qui présentent un score de 
mémoire de travail élevé d’une part (High Spans), et faible d’autre part (Low Spans), afin de pouvoir 
ensuite appréhender leurs performances dans des tâches cognitives diverses. Cette procédure 
expérimentale, même si elle comporte un certain nombre de pré-requis pour assurer sa validité 
(Conway et al., in press), a été largement appliquée à des populations de jeunes adultes dans le but 
d’étudier les différences individuelles dans la capacité de mémoire de travail et leurs effets sur le 
traitement cognitif (Engle, 2002; Engle & Kane, 2004). Dans la présente étude, la procédure en 
groupes extrêmes a été appliquée à la fois à un échantillon de jeunes adultes et à un échantillon 
d’adultes âgés, afin d’identifier, dans chaque group d’âge, les individus dits High Span et Low Span. 
Ensuite, les performances cognitives des différents groupes ainsi sélectionnés ont été évaluées au 
moyen d’une série d’épreuves nécessitant, à des degrés divers, un recours à des processus 
dépendants de l’attention exécutive. Enfin, la comparaison inter-groupes a été appliquée afin 
d’estimer les différences d’âge, d’une part, et les différences liée à à la capacité de mémoire de travail 
d’autre part, ainsi que leurs effets conjoints. D’un interêt particulier sont les comparaisons entre jeunes 
Low Spans et âgés High Spans, et entre les High et Low Spans dans chacun des groupes d’âges. La 
première permet d’appréhender les effet de l’âge, dissociés de la capacité de mémoire de travail. La 
seconde permet d’investiguer si, au cours du vieillissement, une capacité de mémoire de travail 
réduite, à la fois en raison de différences individuelles et de différence d’âge, produit des effets 
d’autant plus péjorants sur la performance. Ainsi, une approche telle qu’elle est adoptée dans cette 
recherche, devrait permettre de déterminer si les effets des différences individuelles dans la capacité 
de mémoire de travail intéragissent avec l’âge de manière additive ou multiplicative. De même, elle 
devrait permettre de mettre en lumière des différences de nature aussi bien quantitatives que 











Un total de 91 jeunes adultes et 107 adultes âgés ont initialement intégré l’étude. Les jeunes adultes, 
tous étudiants à la Faculté de Psychologie et des Sciences de l’Education de l’Université de Genève, 
ont pris part à l’étude dans le cadre d’un pré-requis de cours. La majorité des adultes âgés ont été 
contactés par le biais de l’Université du 3ème Age de Genève. Tous les individus ont donné un 
consentement écrit pour leur participation à l’étude. De l’échantillon initial, 16 jeunes adultes et 14 
adultes âgés n’ont pas pu être pris en compte pour les analyses, ceci en raison soit d’une mauvaise 
compréhension du français (N=6), soit parce qu’ils ont décidé de quitter l’étude (N=10), soit pour des 
problèmes d’enregistrement de données (N=10). Enfin, 2 jeunes adultes ont été exclus pour des 
raisons d’âge (>35 ans). Finalement, la population prise en compte a consisté en 75 jeunes adultes, 
âgés de 19 à 35 ans (23.23 ± 3.26 ; M ± sd) et 93 adultes âgés de 56 à 95 ans (71.97 ± 7.71). 
 
Procédure et tâches 
Tous les participants ont été examinés individuellement et ont reçu une batterie de tests évaluant la 
capacité de mémoire de travail, la coordination de tâches, la mémoire à court terme, la mémoire à 
long terme, la vitesse de traitement et la résistance à l’interférence. L’ensemble des tâches a été 
administré dans un ordre constant au travers des participants, sur deux sessions de 90 minutes pour 
les jeunes adultes et trois sessions de 90 minutes pour les adultes âgés. 
 
Tâches de mémoire de travail 
La mémoire de travail a été évaluée à l’aide de deux tâches : une adaptation française du Reading 
Span de Daneman et Carpenter (1980) et une version modifiée de la tâche des Matrices de Loisy et 
Roulin (1992). Toutes deux sont informatisées et ont été élaborées par de Ribaupierre et coll. (de 
Ribaupierre et al., 1997; de Ribaupierre & Ludwig, 2003). Ceux deux épreuves ont été utilisées afin 
d’évaluer la capacité de mémoire de travail, qui sa servi, sur la base d’un score composite, à identifier 
les individus High et Low Span dans chaque group d’âge considéré. 
Le Reading Span comporte deux parties administrées dans un ordre constant, la première consistant 
en une épreuve de jugement sémantique, la seconde étant l’épreuve de mémoire de travail à 
proprement dit. Dans cette dernière, la tâche consiste juger du contenu sémantiques de phrases 
présentées séquentiellement sur un écran d’ordinateur, tout en maintenant temporairement le dernier 
mot de chacune d’entre elles. Toutes les phrases sont au mode affirmatif et contiennent entre 5 et 11 
syllabes. L’épreuve a été construite de sorte à ce que la moitié des phrases soit sémantiquement 
correcte, qu’elles contiennent pour moitié un substantif et pour l’autre moitié deux substantifs, que les 
mots à rappeler soient pour moitié monosyllabiques et pour moitié trisyllabiques et que tous soient 
fréquents dans la langue française. Au sein de l’épreuve, les phrases sont arrangées en séries 
contenant 2, 3, 4 ou 5 phrases, chaque série étant considérée comme un item, dont la difficulté est 
défnie par la longueur de la série. Seize items sont administrés, dont quatre par classe de difficulté, 
pour un total de 56 phrases. L’ordre des items a été défini pseudo-aléatoirement, afin d’éviter la 





La réponse au contenu sémantique est effectuée manuellement, pour chaque phrase, par le bias du 
clavier, et le rappel de mots, demandé en fin de série, est effectué oralement. Le rappel est considéré 
comme correct si tous les mots présentés, et seulement ceux-ci, sont restitués, et cela, 
indépendamment de l’ordre initial de présentation. La variable dépendante d’interêt pour cette tâche 
est le nombre moyen de mots correctement rappelés au travers de l’épreuve. 
La tâche des Matrices comporte trois parties, la première étant une épreuve de rappel de mots, la 
seconde, une épreuve de rappel de positions et la troisième, une épreuve de mémoire de travail dans 
laquelle il s’agit de coordonner le rappel de mots et de positions. Toutes trois sont administrées selon 
une procédure adaptative, dans un ordre constant au travers des participants. Dans l’épreuve de 
mémoire de travail, ou Matrices Double Verbal, une grille de 25 cellules (5 x 5) est présentée sur 
l’écran d’ordinateur. Parmi celles-ci, certaines contiennent des mots pour moitié monsyllabique, et 
pour moitié bisyllabiques, tous fréquents dans la langue française. Le nombre de mots présentés varie 
de 2 à 5, définissant la classe de difficulté des items. Le temps de présentation de chaque item est 
proportionnel au nombre de mots, avec une seconde allouée à chacun d’entre eux. La procédure est 
adptative et débute toujours avec un item de classe 2. Les participants ont pour tâche de mémoriser 
les mots et leur emplacement dans la grille. Le rappel de positions est effectué en pointant sur l’écran 
tactile pour les adultes âgés ou à l’aide de la souris pour les jeunes. Simultanément au pointage, le 
rappel de mot est effectué oralement. Un item est considéré comme réussi lorsque toutes les 
associations mot/position présentées, et seulement celle-ci, sont restituées. Lorsque le rappel est 
correct, l’item suivant appartient à la classe de difficulté supérieure; lorsqu’en revanche le rappel est 
incorrect, l’item suivant est d’une classe de difficulté inférieure. Au total, 12 items sont adminisitrés et 
la variable d’intérêt pour cette tâche est le nombre moyen d’assocations correctes au travers de 
l’épreuve. 
 
Tâches de coordination 
La capacité de coordination a été évaluée au moyen de deux épreuves, le Paper and Pencil Test 
(Baddeley, Della Salla, Gray et al., 1997) et le Continuous Monitoring Task (Frensch et al., 1999). 
Chaque épreuve comporte une condition duelle, dans laquelle deux tâches doivent être conduites 
simultanement, et une condition simple, dans laquelle chaque tâche est adminsitrée séparément. 
Le Paper and Pencil Test est une épreuve papier-crayon dans laquelle il s’agit d’effectuer 
conjointement un rappel de chiffres et un traçage de croix. La tâche de rappel de chiffres consiste à 
restituer oralement et immédiatement après présentation, des séries de chiffres. Les séries sont 
dictée oralement par l’expérimentateur au rythme d’un chiffre par seconde et sont toutes de même 
longueur. Cette dernière correspond à la longueur de l’empan individuel évalué préalablement pour 
chaque participant à l’aide d’une procédure classique d’empan de chiffres (cf. plus loin, la tâche de 
Digit Span). La longueur de série la plus élevée pour laquelle 2/3 des items sont rappelés 
correctement définit la longueur des séries administrées dans le Paper and Pencil Test. La tâche de 
traçage de croix est une tâche dans laquelle on présente aux participants une feuille A4 sur laquelle 
sont dessinés 80 carrés, reliés entre eux de sorte à former un chemin. Dans cette tâche, il s’agit de 





minutes d’abord en condition simple, puis de manière conjointe. L’ordre de passation est gardé 
constant au travers de participants qui effectuent le rappel de chiffres d’abord, suivi du traçage de 
croix et qui terminent par la tâche duelle. Deux variables d’intérêt sont retenues pour cette épreuve : la 
proportion de listes de chiffres correctement restituées et le nombre total de croix tracées, mesurés 
pour chaque condition (simple, double). 
Le Continuous Monitoring Task (ou CMT ci-après) est une épreuve informatisée dans laquelle un 
cercle séparé horizontalement par le milieu est présenté sur l’écran d’ordinateur. Chaque partie du 
cercle peut varier en taille et en intensité de gris. Les variations qui se produisent dans la partie 
supérieure sont gérées par l’ordinateur et celle qui se produisent dans la partie inférieure sont gérées 
par les participants, à l’aide de deux manettes, l’une permettant de régler la taille, l’autre l’intensité. La 
tâche consiste à ajuster soit la taille, soit l’intensité, soit les deux simultanément, en fonction des 
changemement qui se produisent à l’écran. Ces derniers sont relativement rapides ce qui donne 
l’impression d’un décours sous forme de film. Chaque « film » comporte 28 « images » et chaque 
tâche comporte 10 films. La passation est adaptative et se fonde sur le taux d’ajustement. Pour 
chaque film, le seuil est fixé à 65%. Lorsque ce taux est atteint, le film suivant est présenté plus 
rapidement (i.e. la vitesse de présentation de chaque image est raccourcie); lorsque le taux n’est pas 
atteint, le film suivant est présenté plus lentement. L’épreuve comporte quatre séries de 10 films. 
Dans la première, il s’agit d’ajuster la taille, dans la seconde, il s’agit d’ajuster l’intensité. Dans les 
deux séries suivantes, la taille et l’intensité doivent être ajustées simultanément, mais dans la 
première série, le taux d’ajustement est calculé pour l’intensité, alors que dans la seconde, il est 
calculé pour la taille. La variable d’intérêt pour cette épreuve est le temps moyen d’ajustement par 
film, mesuré pour chaque type de stimulus (taille et intensité) et pour chaque condition (simple ou 
double). 
 
Tâches de mémoire à court terme 
La mémoire à court terme a été évaluée à l’aide d’une épreuve d’empan de chiffres, ou Digit Span 
(e.g., Bindschaedler, 1985), et d’une épreuve d’empan visuo-spatial, les Blocks de Corsi (Corsi, 
1972). Pour chacune d’entre elles, un rappel à l’endroit et un rappel à l’envers ont été demandés. 
Dans la tâche d’empan de chiffre, des séries de chiffres de longueur croissantes (allant de 2 à 9) sont 
présentées oralement aux participants au rythme d’un chiffre par seconde. Pour chaque longueur, 
trois séries sont administrées. Dans le rappel à l’endroit, la tâche est de restituer oralement et 
immédiatement, chaque série de chiffres dans l’ordre de présentation. Dans le rappel à l’envers, les 
séries doivent être reproduites dans l’ordre exatement inverse.  
Dans les Blocks de Corsi, les participants ont devant eux une palette sur laquelle figurent 9 cubes de 
bois. L’expérimentateur pointe séquentiellement sur les cubes, ou rythme d’un emplacement par 
seconde, et la tâche consiste à reproduire les séquences de pointage. Les séquences sont de 
longueur croissante (allant de 2 à 9), avec trois séquences par longueur. Dans le rappel à l’endroit, la 
séquence doit être reproduite telle qu’elle a été présentée, alors que dans le rappel à l’envers, la 





d’intérêt est l’empan, qui correspond à la longueur de séquence la plus élevée pour laquelle 2/3 des 
essais sont corrects. Il est mesuré, dans chacune des tâches, pour le rappel à l’endroit et à l’envers. 
 
Tâches de mémoire à long terme 
La mémoire à long terme a été testée en recourant à trois épreuves, toutes faisant partie de la batterie 
de tests informatisée Computerunterstützter Gedächtnis-Funktions-Test (GFT ci-après, Perrig et al., 
1994). Ces trois épreuves mesurent le rappel libre, la mémoire de source et la reconnaissance, et 
toutes partagent la même tâche d’encodage. Celle-ci est administrée au début de la séries de tâches 
incluses dans le GFT, alors que les tâches de rappel s’effectuent à la fin de la batterie, une dizaine de 
minutes après. Pour l’encodage, deux images, à première vue similaires, sont présentées à l’écran. 
Elle contiennent un ensemble d’éléments discrets parmi lequels des images issues de la base de 
données de Snodgrass and Vanderwart (1980), des formes avec différentes textures, des mots et des 
chiffres dactylographiés ainsi que des taches. Dans l’image présentée sur la gauche de l’écran, 18 
éléments ont été dégradés, par rapport à l’image de référence présentée sur la droite. La tâche des 
participants consiste à identifier toutes les « erreurs » présentes sur l’image de gauche ; l’encodage 
est donc de nature superficiel, puisqu’il est présenté comme une épreuve de recherche d’erreurs. Un 
temps de 3 minutes est alloué. Lors de l’épreuve de rappel libre, on demande aux participants de 
restituer tous les éléments présentés à l’encodage. La variable d’intérêt est le nombre d’éléments 
correctement rappelés. Dans l’épreuve de mémoire de source, on demande aux participants de 
rappeler uniquement les éléments qui avaient été dégradés ; autrement dit, les erreurs qui ont été 
remarquées. La variable d’intérêt est également le nombre d’éléments correctement restitués. Enfin, 
dans la tâche de reconnaissance, on présente aux participants un ensemble de 30 images, dont 15 
figuraient dans l’image utilisée pour l’encodage et 15 sont des intrus. La variable d’intérêt est un score 
d-prime (Brophy, 1986) qui permet d’évaluer la proportion de détections correctes pondérées par la 
proportion de fausses alarmes. 
 
Tâche de vitesse de traitement 
La vitesse de traitement de l’information a été mesurée au moyen d’une épreuve également incluse 
dans le GFT : l’épreuve de détection de cibles. Dans cette épreuve informatisée, 30 cibles sont 
présentées séquentiellement à l’écran. Quatorze d’entre elles sont présentées sur la gauche et 16 sur 
la droite, avec une durée de présentation de 100ms et un intervalle inter-stimuli variant entre 4 et 5 
secondes. Le dessin de soleil, issu de la base de données de Snodgrass and Vanderwart (1980), 
constitue chaque cible et possède une taille à l’écran d’approximativement 1cm2. La tâche consiste 
simplement a décider, pour chaque cible, si elle est présentée sur la gauche ou sur la droite de l’écran 
et de répondre, le plus rapidement possible, en appuyant sur le bouton correspondant de la souris, 
avec l’index ou le majeur de la main dominante. La variable d’intérêt est le temps de réponse. 
 
Tâche d’inhibition 
L’inhibition a été évaluée à l’aide d’un test informatisé du Stroop Couleur, adapté de celui rapporté par 





lecture. Dans l’épreuve de dénomination, des mots ou des rectangles de couleur sont présentés 
individuellement à l’écran et la tâche consiste à dénommer, le plus rapidement possible, la couleur 
avec laquelle le mot est écrit. Dans la tâche de lecture, des mots sont présentés individuellement à 
l’écran et il s’agit de lire chacun d’entre eux. Chaque épreuve comporte 140 items, répartis en 5 blocs 
de 28 items chacun. La séquence de présentation est fixe ; elle débute avec un point de fixation d’une 
durée de 1000ms, suivie d’un écran vide de 800ms et de l’affichage du stimulus qui reste présent à 
l’écran jusqu’à émission de la réponse qui déclenche la présentation du point de fixation suivant. La 
réponse est donnée oralement et les temps sont enregistrés au moyen d’une clé vocale. Chaque 
épreuve comporte 4 conditions expérimentales, définies par un type d’item particulier : des items 
congruents (e.g. « rouge » écrit en rouge), des items incongruents (e.g. « rouge » écrit en bleu), des 
items neutres (e.g. « fort » écrit en rouge) et des items de contrôles qui diffèrent entre les deux 
tâches, avec des patchs de couleur pour l’épreuve de dénomination et des mots de couleurs écrits en 
blanc sur fond noir pour l’épreuve de lecture. Les items ont été construits sur la base de 4 mots de 
couleur (rouge, jaune, bleu et vert) et de 4 adjectifs appariées en terme de nombre de syllabes et de 
fréquence dans la langue française (plein, fort, grave, neuf). Au total, chaque épreuve comporte 36 
items incongruents, 36 congruents, 32 neutres et 36 contrôles, répartis pseudo-aléatoirement au 
travers de la séquence, afin d’éviter les effets d’amorçage et la répétition d’une même réponse. 
L’ordre des items est maintenu constant au travers des participants, alors que l’ordre de passation des 
deux tâches est alterné d’un participant à l’autre. La variable d’interêt pour ce test est le temps de 
réponse, mesuré pour chacune des tâches et pour chaque condition.  
 
Hypothèses 
D’un point de vue général, la performance cognitive est dépendante de trois facteurs : a) la demande 
de la tâche, définie par le nombre et la nature des opérations à effectuer, b) la quantité de ressources 
cognitives dont dispose l’individu, c) et la capacité de traitement de l’individu, autrement, la manière il 
utilise les ressources. La perspective adoptée dans ce travail est de considérer l’attention exécutive 
comme ressource cognitive. Celle-ci est mesurée par des tâches de mémoire de travail qui, par le 
biais de l’empan, indexent son utilisation fonctionnelle, autrement dit, la capacité de traitement. Enfin, 
la demande de la tâche est perçue comme la quantité d’attention exécutive nécessaire pour compléter 
les opérations appropriées. Comme discuté plus haut, de nombreux résultats empiriques suggèrent 
que l’attention exécutive constitue une source importante de différences interindividuelles et 
développementales dans la cognition. A partir de ces prémisses, les hypothèses suivantes sont 
formulées : 
1. Lorsque la demande de la tâche augmente, les performances diminuent, ce qui se traduit par une 
réduction de la précision et/ou par une augmentation des temps de réponse. Statistiquement, on 
s’attend à un effet principal de la Tâche (ou de la Condition expérimentale) 
2. Les différences interindividuelles dans la capacité de traitement sont associées à des différences 
de performance lorsque la tâche nécessite le recours à des processus attentionnel contrôlés. Dans 





raison d’une capacité de traitement plus importante. Statistiquement, on s’attend à un effet 
principal de l’Empan de mémoire de travail. 
3. Avec l’âge, chez l’adulte, la capacité de traitement diminue ; ainsi, en comparaison des jeunes, les 
adultes âgés devraient présenter des performances réduite dans des tâches qui demandent 
l’utilisation de processus attentionnels. Statistiquement, on s’attend à un effet principal de l’Age. 
4. Lorsque la demande de la tâche augmente, les différences interindividuelles sont associées à des 
différences dans la réduction des performances. Celles-ci peuvent prendre deux formes : 
a. Une chute plus importante pour les Low Spans : Ayant moins de ressources à disposition, les 
Low Span seraient plus péjorés par une augmentation de la demande de la tâche. 
Statistiquement, on s’attend une interaction Empan×Condition en défaveur des Low Spans. 
b. Une chute plus importante pour les High Spans : Ayant plus de ressources a disposition, les 
High Span pourraient engager un traitement plus coûteux en attention exécutive dans certaines 
conditions de référence. Dès lors que la demande de la tâche augmente, ce type de traitement 
ne serait plus approprié ou plus possible, ce qui engendreraient une chute relative des 
performances. Statistiquement, on s’attend une interaction Empan×Condition en défaveur des 
High Spans. 
5. Lorsque la demande de la tâche augmente, les différences d’âge sont associées à des différences 
dans la réduction des performances. Les âgés seraient plus péjorés que les adultes jeunes lorsque 
la tâche nécessite un recours plus important en attention exécutive et aux processus contrôlés. 
Statistiquement, on s’attend une interaction Age×Condition en défaveur des adultes âgés. 
6. Lorsque la demande de la tâche augmente, les différences d’âge et les différences 
interindividuelles sont associées à une réduction des performances. Les adultes âgés, et plus 
particulièrement les âgés Low Spans seraient d’autant plus affectés que la demande de tâche 
augmente. Statistiquement, on s’attend une interaction Age×Empan×Condition en défaveur des 
adultes âgés, et particulièrement des âgés Low Spans.  
 
Plan expérimental et analyses statistiques 
Un plan expérimental en groupes extrêmes a été choisi pour l’analyse des effets de l’Age et de 
l’Empan sur performances cognitives. Les individus High et Low Spans dans chaque groupe d’âge ont 
été identifiés sur la base de leur capacité de memoire de travail. L’échantillon pris en compte 
comporte ainsi 4 groupes: des jeunes High Spans, des jeunes Low Spans, des âgés High Spans et 
des âgés Low Spans. 
Dans les tâches pour lequelles la demande a été manipulée, à savoir le Paper and Pencil Test, le 
CMT, le Digit Span, les Blocks de Corsi et le Test du Stroop Couleur, l’analyse statistique a été 
conduite par ANOVA, en considérant l’Age (Jeunes, Agés) et l’Empan (High, Low) comme facteurs 
inter-sujets, et la Condition, comme mesure répétée. Pour le Paper and Pencil Test et le CMT, la 
Condition comporte deux modalités: Simple et Double, qui décrivent le fait que les tâches sont 
administrées seules (faible demande) ou conjointement (haute demande). Pour le Digit Span et les 
Blocks de Corsi, la Condition comporte également deux modalités: Endroit et Envers, qui décrivent la 





Dans le Test du Stroop Couleur, l’analyse a été effectuée pour chacune des tâches (i.e. Lecture et 
Dénomination) séparément avec un facteur Condition à 4 modalités: Congruent, Incongruent, Neutre 
et Contrôle, qui décrivent le type de stimulus. Ce plan d’analyse a été choise parce que la capacité de 
mémoire de travail est considérée, a priori, comme une caratéristique stable des individus, dans le 
sens où, un individu, relativement à son groupe d’âge, devrait demeurer High ou Low Span. Ce 
postulat, relativement fort, est appuyé indirectement par des résultats d’études longitudinales montrant 
une corrélation significative entre performances fluides mesurées à différentes occasions (e.g., 
Schaie, 1984). Néanmoins, pour ces même tâches, un second plan d’ANOVA a été appliqué, en 
considérant le Groupe (Jeune High, Jeune Low, Agé High et Agé Low) comme facteur inter-sujets et 
la Condition, comme mesure répétée. Cette seconde analyse a été conduite afin d’investiguer, au 
moyen de contrastes a priori, les différences entre Jeunes Low Spans et Agés High Spans, ce que ne 
permet pas le plan d’analyse décrit précédemment. Cette analyses a pour but de distinguer les effets 
de l’Age et d’Empan. 
Pour les tâches dans lesquelles la demande n’a pas été manipulée, à savoir le rappel différé, le rappel 
de source, la reconnaissance et la vitesse de traitement, deux plans d’analyse ont également été 
appliqués, pour les mêmes raison que celles qui viennent d’être mentionnées: une ANOVA en 
considérant l’Age (Jeunes, Agés) et l’Empan (High, Low) comme facteurs inter-sujets, et une ANOVA 




Caractéristique de l’échantillon d’étude 
La sélection de l’échantillon d’étude a été effectuée sur la base d’une score composite de mémoire de 
travail, calculé à partir du nombre moyen de mots correctement rappelés au Reading Span et du 
nombre moyen d’associations mot/position correctement restituées à l’épreuve de Matrices. Chaque 
variable a été convertie en variable centrée réduite (score z) sur la base de l’ensemble de la 
distribution des 75 jeunes adultes et 93 adultes âgés retenus initialement. Ensuite, une moyenne 
individuelle des deux scores a été calculée et utilisée comme score composite de mémoire de travail. 
La sélection des individus High et Low Spans a été effectuée à l’intérieur de chaque groupe d’âge, sur 
la base d’une division des distributions en tercile, ne gardant que les individus situés dans les tiers 
extrêmes. Ainsi, la population d’étude est composée de 50 adultes jeunes, dont 25 High Spans (âge : 
23.16 ± 3.60, M ± sd) et 25 Low Spans (22.92 ± 2.63), et de 62 adultes âgés, dont 31 High Spans 
(70.71 ± 4.70) et 31 Low Spans (73.00 ± 9.61). Il est important de noter qu’une certaine superposition 
des distribution de scores de mémoire de travail a été observée entre jeunes et âgés. A l’issue de la 
séléction des groupes, les jeunes High Span se distinguent des trois autres groupes par un score plus 
élevé. De même, les âgés Low Span se distinguent des trois autre groupes par un score nettement 
plus faible. Enfin, les jeunes Low Spans et le âgés High Spans présentent des scores relativement 








En ce qui concerne le Paper and Pencil Test, les résultats des ANOVAs à 3 facteurs conduites aussi 
bien sur la proportion de listes correctement restituées que sur le nombre de croix tracées mettent en 
évidence un effet significatif de la Condition, révélant ainsi que la performance diminue effectivement 
avec la demande de la tâche. Un effet significatif de l’Age apparaît pour le traçage de croix, 
démontrant que globalement, les adultes âgés tracent moins de croix que les jeunes. Ce même effet 
n’est pas significatif pour le rappel de chiffre. L’absence de différences significatives pour cette 
variables est sans doute attribuable au fait que la performance a été préalablement adapté à l’empan 
individuel de chaque participant. Enfin, l’effet simple d’Empan n’est pas significatif, ni pour les croix, ni 
pour les listes, suggérant que les High et Low Span ne se distinguent pas significativement. Les 
résultat montrent finalement qu’aucune des interactions testées n’est significative. Il est intéressant de 
relever que les résultats l’ANOVA à 2 facteurs, et particulièrement ceux relatifs à la comparaison entre 
jeunes Low Spans et âgés High Spans pour le nombre de croix tracées montrent un effet du Groupe, 
mais que l’interaction Groupe*Condition n’est pas significative. Aucun des deux effets n’est significatif 
pour les listes. Il semble donc que contrairement aux hypothèses, la baisse des performances 
associée à la condition double ne varie pas significativement ni en fonction des différences d’âge, ni 
en fonction des différences individuelles en mémoire de travail. A noter finalement que l’âge semble 
affecter la tâche motrice, indépendamment de la capacité de mémoire de travail ; ce résultat est sans 
doute à mettre en lien avec une diminution de la vitesse de traitement avec l’âge. 
En ce qui concerne le CMT, les résultats de la première ANOVA mettent en évidence un effet principal 
de la Condition, montrant que l’ajustement en condition simple est plus rapide qu’en condition double, 
ceci à la fois pour la taille et pour l’intensité. De plus, les résultats montrent un effet principal de l’Age, 
suggérant que les adultes âgés requièrent plus de temps pour ajuster le cercle que les jeunes adultes, 
et ceci, à nouveau aussi bien pour la taille que pour l’intensité. En accord avec les hypothèses, l’effet 
de l’Age interagit avec la Condition, suggérant qu’en condition double, les âgés sont plus affectés que 
les jeunes par la demande accrue de la tâche. L’Age interagit également avec le Type de stimulus, 
montrant que l’ajustement de l’intensité est moins rapide que celui de la taille, et que la différence est 
plus importante chez les âgés que chez les jeunes. A noter également un effet principal de l’Empan, 
suggérant qu’une moindre capacité de mémoire de travail est associée avec un temps d’ajustement 
plus lent et que cet effet interagit avec l’Age montrant que l’effet des différences individuelles sur le 
temps d’ajustement est plus important chez les adultes âgés que chez les jeunes. Toutefois, les 
résultats montrent que l’interaction Age*Condition*Empan n’est pas significative, ce qui suggère que 
les âgés Low Spans, en regard des autres groupes, ne présentent pas de chute spécifiquement 
drastique associée à la Condition double. Les résultats des contrastes a priori effectués pour l’ANOVA 
à 2 facteurs, montrent que les temps d’ajustement présentés par les jeunes High Spans et le âgés 
Low Spans diffèrent significativement, et que cet effet interagit avec la Condition, mettant en évidence 
une plus grande difficulté, chez les âgés, à répondre aux demandes de la tâche, et ceci d’autant plus 
qu’elles augmentent. Comme pour le Paper and Pencil Test, le fait d’observer des différences de 
performances entre ces deux groupes, alors même qu’ils sont similaires en termes de capacité de 





encore une fois de la vitesse, mais des analyses complémentaires, effectuées sur des scores 
contrôlant pour la performance en condition simple, montrent que l’effet de l’âge subsiste. Ceci 
suggère l’implication d’un autre facteur et/ou supporterait l’hypothèse de saturation cognitive. 
 
Mémoire à court terme 
Les résultats de l’ANOVA à 3 facteurs portant sur les performances au Digit Span révèlent un effet 
principal de la Condition, suggérant que l’empan de chiffre est plus élevé pour le rappel à l’endroit que 
pour le rappel à l’envers. Un effet principal de l’Age apparaît également, montrant que globalement, 
les performances des adultes âgés sont réduites en comparaison des jeunes. Enfin, un effet principal 
de l’Empan de mémoire de travail est rapporté, montrant que les Low Span rappellent des séries de 
chiffres plus courtes que les High Spans. Aucune des interactions n’est significative. En revanche, il 
est a remarquer que lorsque seule la population de jeunes adultes est considérée, une interaction 
signification entre la Condition et l’Empan est reportée. Elle montre que si l’empan à l’endroit est plus 
important chez les High Spans que chez les Low Spans, la chute des performances associées au 
rappel à l’envers est plus importante pour les premiers que pour les second. Ce résultat, qui n’est pas 
reproduit dans la population d’âgés, suggèrent que les jeunes High Spans recourent à des stratégies 
différentes des Low Spans (probablement le chunking), qui permettent une augmentation des 
performances pour le rappel à l’endroit, mais ne sont plus appropriées pour le rappel à l’envers. De 
manière intéressante également, les résultats des contrastes a priori conduits dans l’ANOVA à 2 
facteurs montrent que les performances des jeunes Low Span et de âgés High Span ne diffèrent pas 
significativement, et que l’augmentation de la demande de la tâche n’est pas associée à une 
diminution spécifique pour l’un ou l’autre groupe. 
En ce qui concerne les Blocks de Corsi, les résultats de l’ANOVA à 3 facteurs montrent un effet 
principal de l’Age, reflétant le fait que l’empan visuo-spatial des adultes âgés est globalement plus 
petit que celui des jeunes. Un effet de Condition est également rapporté, montrant que lorsque le 
rappel est effectué à l’envers, l’empan est plus faible que lorsque le rappel est effectué à l’endroit. 
Contrairement aux résultats obtenus pour l’empan de chiffres, l’effet principal de l’Empan en mémoire 
de travail n’est pas significatif, suggérant que les High et Low Spans ne se distinguent pas 
significativement, ceci aussi bien lorsque l’ensemble des individus est considéré qu’à l’intérieur de 
chaque groupe d’âge. Aucune des interactions testées n’est significative. A noter que les résultats des 
contrastes a priori effectuée dans l’ANOVA à 2 facteurs montrent que les jeunes Low Spans et les 
âgés High Spans ont des performances qui ne se distinguent pas significativement, et que l’effet de 
Condition est comparable pour les deux groupes. 
 
Mémoire à long terme 
En ce qui concerne la mémoire à long terme, les ANOVA effectuées pour le rappel différé et le rappel 
de source ont abouti à des résultats comparables, montrant seulement un effet principal de l’Age. 
L’effet de l ‘Empan ainsi que l’interaction entre l’Age et l’Empan ne sont pas significatifs. Ainsi, dans 
ces deux tâches, le nombre d’éléments rappelés est moindre pour les adultes âgés que pour les 





ne sont pas plus péjorés que les trois autres groupes. De manière intéressante également, les 
résultats des comparaisons entre jeunes Low Spans et âgés High Spans suggèrent que l’effet d’âge 
est maintenu, en dépit d’une capacité de mémoire de travail comparable. Les résultats portant sur la 
reconnaissance diffèrent quelque peu, essentiellement de part la présence d’un effet principal de 
l’Empan, en sus de l’effet principal de l’Age. Ces deux facteurs n’interagissent pas significativement. 
Ces résultats suggèrent que la reconnaissance est moins efficace chez les âgés que chez les jeunes, 
d’une part, et chez les Low Spans que chez les High Spans, d’autre part. L’effet simple d’Empan, 
testé séparément pour chaque groupe d’âge, montre que l’effet des différences individuelles n’est 
significatif que dans le groupe d’adultes âgés. Enfin, la comparaison entre jeunes Low Spans et âgés 
High Spans montre une différence significative en défaveur des âgés. Encore une fois, il semble qu’un 
facteur lié à l’âge, plus qu’à la capacité de mémoire de travail, doit être envisagé pour rendre compte 
des effets observés. 
 
Vitesse de traitement 
Les résultats des ANOVA effectuées pour la variable mesurant la vitesse de traitement, autrement dit,  
la vitesse de détection de cibles, montrent un effet principal de l’Age, suggérant que les adultes âgés 
mettent plus de temps que les jeunes à détecter les cibles. En revanche, l’effet de l’Empan n’est pas 
significatif, et il en est de même pour l’interaction entre l’Age et l’Empan. Ceci traduit le fait que les 
High et Low Spans ne se distinguent pas significativement quant au temps de détection et que cet 
effet est sans doutes comparable dans les deux groupes d’âge. Les résultats des contrastes a priori 
visant à tester la comparaison entre jeunes Low Spans et âgés High Spans mettent en évidence une 
différence significative entre les deux groupes, en défaveur de âgés. L’ensemble de ces résultats 
suggère que l’âge est associé à une diminution de la vitesse de traitement, indépendamment des 
différences dans la capacité de mémoire de travail. 
 
Résistance à l’interférence 
Finalement, en ce qui concerne le test du Stroop Couleur, les résultats d’une ANOVA préliminaire 
montrent tout d’abord, un effet principal de la Tâche sur les temps de réponse, mettant en évidence 
des temps significativement plus longs pour la tâche de Dénomination que pour la tâche de Lecture. 
Les analyses ont été ensuite conduites sur chaque tâche séparément, et dans un soucis de concision, 
seuls les résultats se rapportant à la tâche de Dénomination seront reportés ici. Ainsi, les résultats de 
l’ANOVA a 3 facteurs montrent un effet principal de l’Age, suggérant que les adultes âgés mettent 
globalement plus de temps à dénommer les stimuli que les jeunes adultes. Ensuite, un effet principal 
de Condition est obtenu et les résultats montrent de surcroît une interaction avec l’Age. Celle-ci 
provient du fait que les adultes âgés mettent plus de temps à répondre que les jeunes adultes, et que 
cette différence d’âge est d’autant plus marquée que les items sont incongruents. Ce résultat suggère 
que les adultes âgés montrent un effet d’interférence plus important que les jeunes. A noter ici qu’une 
analyse effectuée sur un score contrôlant pour la vitesse dans la condition de contrôle (patches) 
montre également un effet significatif de l’âge, suggérant que l’effet est, du moins en partie, 





mis en évidence d’effet significatif de l’Empan, ni d’interactions entre ce facteur et la Condition, d’une 
part, ou l’Age, d’autre part. Il est intéressant également de relever que les résultats de contrastes a 
priori effectuée dans l’ANOVA à 2 facteurs montrent une différence significative dans les temps de 
réponse entre jeunes Low Spans et âgés High Spans, celle-ci en défaveur de âgés. Enfin, l’interaction 
entre le Groupe et la Condition n’est pas significative. 
 
DISCUSSION GENERALE 
De manière générale, les résultats obtenus dans cette recherche reproduisent en large partie les 
données existantes de la littérature montrant que l’âge est associé à une diminution des performances 
dans des tâches recourant à l’intelligence fluide (Baltes & Mayer, 1999; Craik & Salthouse, 2000; 
Salthouse, 1991c). En effet, des effets significatifs de l’âge ont été rapportés dans les tâches duelles, 
dans le rappel en mémoire à court terme et en mémoire à long terme ainsi que dans la capacité à 
résister à l’interférence. De plus, les résultats obtenus sont également convergents avec les données 
de la littérature montrant une diminution de la vitesse de traitement avec l’âge (Salthouse, 1993, 
1996). 
Toutefois, bien que les adultes âgés présentent des performances réduites dans la majorité des 
épreuves utilisées, ils ne semblent toutefois pas systématiquement plus gênés que les jeunes adultes 
par les manipulations expérimentales visant à varier la demande attentionnelle des tâches. En effet, si 
des effets plus marqués ont été reportés pour le coût cognitif associé à la tâche double du CMT et 
pour l’effet d’interférence du Stroop Couleur, il n’en demeure pas moins que dans d’autres épreuves, 
les âgés ne présentent pas de déficits exacerbés liés à l’augmentation de la demande. Ainsi, dans les 
épreuves de mémoire à court terme comme dans le Paper rand Pencil test, la manipulation 
expérimentale n’a pas eu d’effet significativement plus importants pour les adultes âgés que pour les 
jeunes. De fait, la diversité des résultats reproduit celle rapportée dans la littérature (de Ribaupierre & 
Ludwig, 2003; Hartley, 1992; Riby et al., 2004). 
En ce qui concerne les effets des différences individuelles dans la capacité de mémoire de travail, les 
résultats obtenus ne répliquent généralement pas ceux reportés dans la littérature, tout au moins en 
ce qui concerne les jeunes adultes (Engle, 2002; Engle & Kane, 2004). En effet, la seule tâche pour 
laquelle des différences fiables entre jeunes High et Low Span ont été rapportées est celle de l’empan 
de chiffres, dans laquelle les jeunes High Spans semblent recourir à une stratégie différente de celle 
des jeunes Low Spans pour effectuer le rappel à l’endroit. Une différence de performance associée 
aux différences individuelles dans la capacité de mémoire de travail a également été reportée dans 
les Blocks de Corsi. Dans cette épreuve, les High Spans présentent un empan plus élevé que les Low 
Spans, mais la différence ne varie pas avec l’augmentation de la demande de la tâche. A l’exception 
des deux tâches de mémoire à court terme, les tâches utilisée n’ont pas doné lieu à des différences 
significative entre High et Low Span jeunes adultes. Dans le groupe d’âgés, les résultats sont 
également mitigés, et seules trois épreuves ont donné lieu à des différences entre High et Low Spans. 
Il s’agit également du Digit Span et des Blocks de Corsi, dans lesquelles les High Spans présentent 
un empan plus élevé que les Low Spans ; comme pour les jeunes adultes, la différence intergroupes 





laquelle les High et Low Spans âgés se sont distingués est celle de la Dénomination au Stroop 
Couleur, avec les Low Spans présentant une difficulté plus importante que les High Spans pour 
nommer la couleur d’items incongruents, par rapport aux patchs de couleur. Ainsi, il apparaît que 
seules deux épreuves ont montré des effets des différences individuelles en mémoire de travail 
associée à une augmentation de la demande de la tâche : le Digit Span pour les jeunes adultes et le 
Stroop Couleur pour les âgés. Les résultats suggèrent que ce facteur joue un rôle bien moindre que 
celui initialement prédit pour les épreuves considérée dans cette étude.  
Néanmoins, des résultats intéressants ont été révélés par la comparaison des performances entre 
jeunes Low Spans et âgés High Spans, deux groupes qui diffèrent par l’âge, mais dont la capacité de 
mémoire de travail est en faveur des âgés. Néanmoins, malgré cet avantage, une différence de 
performance en défaveur des âgés à été reporté dans un grand nombre d’épreuves : le traçage de 
croix, le CMT, le Stroop Couleur, les épreuves de rappel en mémoire à long terme et la détection de 
cibles. On peut penser que la majorité de ces épreuves possède en commun une composante de 
vitesse et donc éventuellement attribuer les différences observées à une différence d’âge dans la 
vitesse de traitement de l’information. Néanmoins, bien que cette interprétation ne puisse pas être 
mise de côté, il semble qu’elle ne soit pas la seule envisageable. D’abord parce que des différences 
intergroupes ont été reportée dans des épreuves pour lesquelles la vitesse n’est pas un élément 
crucial, les épreuve de rappel en mémoire à long terme. Ensuite, parce qu’en dépit d’une capacité de 
mémoire de travail plus importante chez les âgés, les deux groupes ne se distinguent pas 
significativement dans les épreuves de mémoire à court terme, ni dans le rappel de chiffres du Paper 
and Pencil Test, contrairement à ce qui aurait pu être attendu. 
A noter enfin que dans toues les épreuves utilisées pour lesquelles une manipulation de la demande 
de la tâche a été introduite, un effet significatif de la condition expérimentale a été reporté, ceci 
quelque soit l’âge ou la capacité de mémoire de travail. En moyenne, tous les participants ont montré 
une diminution des performances associée à la condition duelle pour le CMT et le Paper and Pencil 
Test, au rappel à l’envers pour le Digit Span et les Blocks de Corsi, ainsi que pour les stimuli 
incongruents à la tâche de dénomination du Stroop Couleur. Ainsi, bien que les manipulations 
expériementales aient produit l’effet prédit, elle n’ont généralement pas donné lieu aux difficultés 
exacerbées attentdues, soit en rapport avec la capacité de mémoire de travail, soit en rapport avec 
l’âge. 
 
Les résultats de la présente expérience suggèrent, pour les tâches utilisées, une absence d’effets 
spécifique des différences inter-individuelle dans la capacité de mémoire de travail, d’une part, et dans 
les effets de l’âge, d’autre part. En effet, et contrairement à ce qui était prédit, l’augmentation de la 
demande de la tâche n’affecte pas de manière plus importante les Low Spans en comparaison de 
High Spans, et les âgés en comparaison des jeunes. Ces résultats, pour la majorité non conformes 
aux hypothèses initiales, sont discutés en regard de la méthode utilisée dans cette étude et de la 
notion de demande de la tâche. Un second point à relever est la différence quasi systematique 
obtenue entre jeunes Low Spans et âgés High Spans, en défaveur des âgés. Ce deuxième ensemble 





réorganisations liées à l’âge dans les réseaux neurofonctionnels sous-jacents. L’hypothèse, qui 
pourrait être expérimentalement mise à l’épreuve, avance qu’avec l’âge, les régions cérébrales en 
charge du codage et du maintien à long terme des informations perdraient de leur spécificité 
fonctionnelle. En conséquence, un recrutement plus important des régions frontales deviendrait 
nécessaire. Ce postulat permettrait d’allier l’hypothèse de dédifférentiation et celle de compensation. 
La première s’appliquerait aux aires postérieures associatives, qui, avec l’âge présenterait des 
fonctions moins différentiées, alors que la seconde s’appliquerait au recrutement plus important des 
régions préfrontales pour palier aux modifications affectant les régions postérieures. Ainsi, un des 
axes futurs de recherche dans le domaine du vieillissement cognitif consisterait à recourir aux 
techniques d’imagerie cérébrale pour investiguer plus particulièrement ces questions liées aux 
modifications avec l’âge dans l’organisation fonctionnelle du cerveau et leurs répercutions sur la 
cognition.  
